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1. •' INTRODUCTION

1 is Cocument war r.epar(-, to compile an abbreviated -r gn

Informition urefal to the T-eliminery or conceptual design t-. ,mv Y - ntent

ic not to present methodr: with which Fn engineer can design ,... ict,,-. interface

joints on rni siles, but to assem1.li in one document, a cross-section of state-

of-the-art designs.

It is recognized that a design engineer can arrive at a feasible design

of a !issile Joint u-ith no assistance. Howevc'r, this takc a certain amount of

time depending on the type of' Joint and Its use. Thl. engineer must investIgate

the loads, environment, cost, etc.. or else he must initiate a litcrature search
0

to see whe.t similar Joint has been used suceessfully in the past. With this

document a designer will be Rble to select a feasible, proven joint design using

only gross loadr and envioronment data. This is Asially sufficient for prelimi-

nary or conceptual design work since loads and environment data are usually

estinateu at this :'-,tge.
C

The format of the docunmewnt has been prepared to facilitate this task as

-much as possible. For each joint a sketch is given viti. dimenslons if possible,

the loads to whIch ths, joint is designed and the environment tc which the joint

will be siubjected are rumRirized. Also, a short writtEn description and project

use ic provided to give information on what type of use the joint might be appli-

cable. F'inally references are state.-, If availan:le, which will allow the design-

er to searc'h for adtltional detail naterial.

Comparative data are provided in the tables of Appendix I for joints

intended as alternatives for a pnrticular application.
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PAYLOAD) STAGE JOINTS

aittach the paylwiu± t.) Lht, uoGser, ()senp4r~te the j.k~yload f'romn itS botr

(3) :ftt;:C1: the ýVy1~uclc 'r;,C 3 cver to the :jvyiOuu( or booster and()

separ'ttt2 t~ e ascenit eox e. in llie4ht.

Figure Ž-?1 s&beorttcally sl!',)s the typical 1-3cit~ion of the four

y!,eFC, r, ts (,N n ý puy I c--, s ta ee. It shouli be referred to Lis a Rý,iide to

ý4 sptecific typt of joint. It is not Intenccd that a ,I1ven application requiire

liof the inuic,-,ted 1o I nts of tha~t they be 1--cated i aý shwr . For exaimple,

cert~iti a-;scent covers ht.,v' We-tetp re'rovul arid hence huve no lorq,,i-

ttci&2 ~paatnjlolit.. Jr. sepux-atiori tiý issei-bJly jicints mar-y be intej.;ruted

int ~:e trit~al ~Cjo;.L. For cl-Ari*-y. "U joints ýAre show.n here a-s eepurRIte

*items!') rr efreri'e. 3r. Fi-u-%re ;'-I

~. 1 ASSEMBLY JOIN4TS

These joints se. ye tuprovi"e f i-2 ýttticl ..erit of' the p~y'lo-co to

C r~~C''oz- tkhe !M~cent. cu~mvr to the Looster. nic joint ,ryty or nv~y ,ot be

,r'te,-tr-L vi.th tUhE sep~rtt ion joint. If' it ias. ai crobs referenice t.o tv.Ut

p~tltou I tr )oint in Z2ect. .'li ý.2~ 15- c.P

I*I PAYL&.AiD AEEMBLY JOINTS

Iliese joints --re ,zb,)ri on FiL~ure .-,I to: be 1,ucated or, a Pyoi

wC~tr.~ efpAIcteu ý1 1 iruEtrwa. Of UC."-io. T'ni- is typiC4. : -.ttellit~e

p-iyll~o-ios on sptee boosters and is ,enaer~tt.ly %Lppl1.cuble to cuses where thle

plý-'1111i 1,'-S L dtItý:c~ iiu±meter than the OSt .Wliere dtiaieterrs ure

~:iri~1ythe 1:e tl'.e pa~yload aiiiy ue uttAchec %2¶rertly Lu tl c, booseter Lind

It)-is joint iuy tbt quit- kiilimlar in u.ppeuavazle to booster interstuve jointc.

~Botl types are i~howr. i.- this. -ectt~io. --
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)II fl' -1 l [c:,u L .' 1 ~,CNCt J,-tIlu. tit the Int-ersvticit ol uhe u~oo ter

t''~ ''' *' ~' : ' IAI t W 1 1-11111011 114 ,10.1,111 1;!, V11T 1 4t', InC ~ lit'ltte o t he l
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SEPARATION JOINTS

11le paevrution joints deacribe~i Jr, thirn section provide inl'lit-,ht

i'dleiise of' the p~tyloacl or the Etacent cover from the imissile. Mhe JoInt..

tiaty be riart of inte:ratl jointtu combinini. the i:'uetion of' ause.%bly ZAnd release,

In which cinte !, croiss retCerence, to ASSEI'MY JOINTS, Section d.1 will noramilly

IŽ. PAYLOAD) UPARATION JOINTS

Tlieve joiits are commnonly lo'ýtttcd hs s~awn in Fig~ure -1-1 or ait the

booster jauterface. Batlh typts wil.l be tihowr, here. In some cases, saddjtional

nmechurimmhlL (sl virnl~, orrcniie t.'ru~ters, etc.) are arnL.% I'or sepnral~ion impulse.

Titese wi ll not Lie niscussed. in t~hic Liocunmvnt atid inerntior will be nade only

when necessaxy to shiw cltearicse or functionul asoejiation witlh the joint.

F r



4 ~ASCENT COVER SEP&RATION JO INTS

Two typv4 ot' Joints are iniv.IeaLec in Vio-ure 2-1, the circuniforentia).

ikvci the lontitudInli). joint. 'lli longitudinul JoInt to not alwatys used,

depten~int: on t.he move of ýtscei~t cover deploQyment. Bothi types of device are

01ovii ill this sect iol Conm:.elta of section ... ,PAYLUAD SEPARATION JOINTS.

al~so apply 1,eit.

2~ -1.21 NOSE CG0N 1 1PAYLITION J0I.NT IG.

71-1s ii1ai Is ol' u J-jrt used t-- sep-Lr~tct the nose coneh of' the

HIME rn~.s~ile th'erehy prov'ide u hit~h di1rtt blunt. noape exp'osure to the U.ir

st Ie~uv.

'Ihe 10oinL is un unconiplic~tteLd cletiiin *imilsr In mmny rl esrects to u

1 'a&hvinuLti-in j1oint - tw,.: L.'.)ns are butted togetiier iriu bol.tft tiiiniý bolt~s and

nut pbtete;. 'Bie s&l:At".itin Is 8ore vit), i lineatr skv.iped chttrge which expenids

itai everlr-y prInt~rviy ir, une uireC~iuvr, ill thie, C~tSe ou1tWitia, to CUt the 11ose

con .ri .sen- 1is impulEse is. auffic lent to iw~ke the physicul breuk but not to

eI'tect tat~il seprxr~tion. Tn dc '%his, a~ cnis t~et.erutor ~Urc thruster is used

to "I~]low the two pieces apirt.

For LWiditon~tl. Uletuil:; of' the arui.~±nce useo', -e1'er to sectionr. 1.
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S.0 BOFTh'F STAGE JuINTS

Ibis section includeb the %uriety of structural joints designed to

(I) ena:ble the asotwrbly unti disassembl~y of' missile segments fox, purposes of'

mutnalacto,L2e, t~ransportAtion and maiintenance in the field and (2) enuble, the

aa, seýRr.tion necess'~ry for the mnissile's mission flig.ht profile.

F Ju' -1 beheng~t.cally shows the typical location of the joints

Dn Lttissile Uooster se,-.uiert and iriterst,,i,;e. This Is representative of aniy

S ',,u -P. It Is niot. intendedl thut m Egiven upplic-Ation require kill of' tJe indicated

Joints or, that- they be loc:lt~ed ý.s shown. is an emxample, hii 1.nfli,ý,ht separation

flinctior.ar ?iO fieldl joint nyiy tLe Intejriited into ;3 sinele structliral Joint.

Foi- clarity, ,&Il Joints tire inciictited as sepatrate itemz on Fitgure 3-1

>1 ASSY.MBLY JOINTS

* TMe ;izsemb].y Joints c',escribeci in tlrls sectiorn are those used to

connect sumerrt~s of the booster T-o each. uther, thro'_zgf, interstzages or not.

Thic c'on!ectior- mi: ht be prirel-, a snop fabricatiunA assetmbly or it rniljit be

a fic.l( openattion cone 'ir~y tImes. The joints nruyr be irnte~rlal joints as in

sl~ t%<-e,-;. If kio, cr'oss ret'erencinr is done.

11, TEEZTAGE OR~ 32OSTER ADAPTERS3

nThIs section covers the assembly Joints imee between one booster

st-:ie tind UDnother, U3uall~y tlhrou,!h a:i fntersta,.je. The joints are ucuetly

refrnrred to is ".:,japter uis":nd cosnr~orilY form the interli)Ace betiveen two

rrnuf~cturers. Thnese rintf-s rntiy be purely a4s~embly or raeY be inLC,ýrutedi wit~h

a: separ~.tior. jcii t. If t~, location is on wh~ere sLuoinj, is desirable. Boti.

i~pes :Art. cover'Q he~re.

1" 141 4F



NUW ER )d

COMPANY~ REV rR

BOOSTER STAGE

ASSE?.GLY JOINT
FIG. 3.1.1-1 TO
FIG. 311

SEPAPATION JOINT

ýFIG. 3.2-2- TO
FIG. 3.12-

z 

ASSE MBLY JO N

ASS"LYJOINT

B00OýTFR STAGF -- FIG. 3.1.1-

LU

TM5'PFF. STAkGE JOINT' I.'fEEX

FT"Y(flF 3-1

U3 4802 1431 REV. £'65 SHEET



3.1.1 .1 Irnterstiutt Adapter Assemb;. onj4jI11

This, Joint dietail is a section thXOUýh ýA circumferential Joint

Used on the Mrinutema~n miissile. The dimnension~s iýxiven are typical of' the

S-,e 1 - Staýe .21 ntersW,:je as are tne 01cineter undi c-ross section aren. Ite

rin., 's characteristic ý..hftpe is .tlso tyrpica1 )f' the Stage 2 - Stage 3 irnterstuge

on Minutefren. For 2.etfrence, t1he n'mrbers in p-.venthesis pertain t-o thut ring.

The rit-4- is a dual purpose Joint. It permits both f-i'eld assem~bly

artu fabvirutlon ,sbemnbly )ni the shop. It also functions as kin in~f~l:irht

Two bolt. circies aire providied in the Joint.. both to be used with

tolt-i*ut pl~ite ccoauo½.tiA-.ns. The lower bolts ttre fA'i:-krily fabricý.ti.on fasteners

u .nd urc- backed wiLth st.-ind-.rt nutplates. The uipper bolts ure for i'ieluý asse~uibly

and disau;se:avly znci are hactea with floattir(.) nutplateru. Cork plugs are

counmonJ.y' used to reJ..ace insuL-toior, remiovied dUrirwj,ý Lisussenbly.

Structuxxd,,,ly, tharin orunance car~y ;i,; ring is not tfLp p1=rr

looad c.Arryine, rnt'aber. Compression loadsr tire reacted by a butt~intý totether of'

the iriterstigAe slins, tension louidt by the tersion, tie. The joint is designed

to reuc*.till boort t'litht lnadls as well. as silo ovkerpres~are-

3. i ~ Int~eistage Aciux er AssembLy Joint (Fi, -31-1-P

T'hiv joini. is designed for asse uoly of' an interstage (or other

structure such ais )i teet modlile) on top of' a booster state. The assembly

operation r~y be dione in the ifinufPicturin~g facili ty or the field. The rinig

is typical of' thaut use6 on the Minuteman proaraum to join the Autonetics

Guidance and Control ii.odule to the third booster stage.

%v' /

-~ ~ ~ ~ ~ ~ ~ ~~~~~~~S, L- I ' ~ -~~ -~w-- -- . --- ~



The ring itself is riveted to the interstage structure and forms

an integral component. The assembly operation is done then by means of the

bolt•; and nutplates shown. Nuts may be used instead of nutplates, depending

on the accessibility and "dropped-nut" considerations. Cork pljgs are commonly

used to replace any insulation removed during disassembly.

The joint i• designed to retain its structural integrity throughout

boost flight loads and silo overpressures.

3.1.1.3 STAGE '20 STAGE ASSEMBLY JOLUT (FIG. 3.I.1-3)

This detail is a section through a circumferential joint used on

the HiBfX Missile. It is used to assemble the upper stage instrumentation

package to the booster. The assembly operation could take place either in

the fabrication facility or a munitions field facility.

The ring is riveted to the lower missile stage, which is made of
SC.-

_fiberglass in this application. The upper stage is attached with bolt-nutplate

combinations. The joint is designed to resist extremely high boost acceleration

loads.

Al

__- S•u f:T .11

4 F, .J

L _ _ _ _ -- -
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3.1. MIDDODY UR l4ID-IINTESTAGE RINGS

These Joints ntre alm~ost entirelj used integrally vith a staging,

separation J~oint. Their purpose is to assemble the staged segmen~ts, usaally

in a fabrication environment.

3.1.2.1 I'--t.Age Asserit,ly Jo int .~g.-

This joint aetail is a sectioni throuLgh a circuriferentia2. Joint used

on the Minuteiman mnissile. The dimensions ýýJven u.re typical of the Stage I

Stage 2 iflters~tjQP.

The rtn,- is a. ciu,' purpose joint.. It perriits both field~ asrernbly

airi. L'irication i .ssembly in UAie sLhz4. It aliso farictlutns as an infligilt

st'l. joint (Ref. Sectli'>n fi.)

Two bol't ciri~les ure proviaeci in the .joint, oaith to be usec with

bolt-nut jThite combinations. The lower bolts are prioirii'iy Pfdhricution fasteners

und ý<irc b-;c:,edi vitlh staixhard nuts. Thle Upper bolts -.re Also fubricatlcr)n

:tse-ibly~ iisteners but t.re bac~e&l with!,otn nt1ts

Sti-lictlirally, thE .inirk or'nanrce earryi.• rn is riot the pri.,ury

lou' cariy1m, uier~er. Cormpreqsio4. loudS -.re reacted by buttine togýether of

ti.v .7n'ersta,ae S~i.!S, ten,-Lo or. bas by the tension tirý-. Th. ',,1tv is desigýned

to react all bcn%, fllijit 1N4c; ý.- s well . -, 41ýIo 3veipressux'vs.

ThiuG joirt tdetr-lI is a section throuph u c~rcuriA'erentiuil Joint usedj

cw) Lhe Miziute;,vAn misaile. The -irneris~ons gjven are typicul of the Stage' 2-

t 15
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SFA),ATU!4 JUINTM

tDescribeca in this section itze tlhe vua'iety 01' jolntiý deai,~r~ed to

T'rjvie 11111&Cirai. o'' , !.i~inie hooa~ter. 2,bii is the mechtknism wh ich

seejnutes a btirne,! outa uiotoi Crom th&' rettxininý, %ivyc" b~~outer sataes. It also

Muy Se;41Atf1 an intttrvA¶4.-e St 'Ctuzj' troM, U11 %s8oiaO'~ t(i Motor cane. As in

znOOL OTC t~ht' thez' Jointst d1eacibed in this documnent, there Joints rady be paurt

0±' invcYO'ttl J~)ifts vonibinin,,- otlier 2unctions. Wher. thi:; is the case, cross

re,'erenolnin to uppr-opriatte cectiono will be nv,-de.

3.,. STrAGING RING.,S

Thc~ie rlne.v lunctiona to obitliti ".qtoie" I&n e~xpendedl booster segm~ent

* 1'r'oan an ui~exreadf~ ovie or to sepurmte itr, interstupe From tt booster. Figure 3-'I
'AlOvu4 typicitd 10cý.ttlollt Vol h type ol' Joit.l: In s'uw Instne hc ~

14
11CC"tI.- Cul 'ituiction vit.1:41t. lli-Jiint&1 ýAiz ro sepi?'rJtkL 'tri( bcgwiert an inter-

a vqi. '1'Its if. covert,~ Ln mote dett&il in Secttiin3).

1nti)tVv evvpe cutt kr ima Joiint t~E

1isi 40111t u~tQkil JS 4i see~i,)n 11,rout;1. a clrca,:;Ierentia1 joint used

onl LhV'M.itrvr miassile. lloe dri::eyisions wiveri ý,rc typictl of' the St~ate I

M'AcC ; Lnexs~¶I asLre the dIiamfeter trind cross sectuori ureu. Mhe ring's

charý.terii:Lic shape if! -Lso 4uite typica.ul of' the Stape 2 - Sita,,e 3 interstyee

un Minut~eraurt. For ref'erence. the iiumbers in pirenthesis per'tain to thut ring.

flerLnj. is a 6ozil pizvp.Mre Joint. It prov.ides the infl'iiýht interstage

skirt ve:rovaik 1f:i.eti,-nn, 'workin.- Ui conijunction with the longitudintil Joint

deecrrioed in Slecti',n IL.21 It vlso Pinctions us a fielo usse~a.by joint

(Hel' Seti
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The se;qiration impulse to provIde the requiireO. function comes

1'rorn u linear explosive churgfe. T1,e rin!, is cdeslgned to contain tiny padrticle

1'raýneotz,otion from this Cjjdijge. T1iis function is enhttnced by tile use of' a

rtzhher-liLke :'tteihul, PFR-1,,)1C (BJws wh3Ž ich can contain snvill

TMe prvirtiry li iction of7 te rrviteriliL Lowever is to aL,;)bsrh -uch of' the shock of' the

ex pl os ion .

Stru~ctturally, the rnain ordnance c,.ri'yin6 ring. is no~t thle p.rIMtry load

c~urryir.., irieml~.r. CornpreosiorL loads turc reucted~ by " buttiner together of the

st~t". Ci-ru ten sion 1l:Ptds 'by tl~e terisi!on tie. The Joint is cesi~ned to react

fill boost lliL.:ht 1,o)ueýs ts well .is ail,. overr'reSSUres.

Yir i~dditiornil rtotiils on the ordri~ince used in this Joint, refer to

Sectilon i . I

I Booster Ztugin-,, J-)inL (Fi . .1.1 .

This~ joinit detuii is a s~ectiorn througi nI circumiferential. joint used

onl tfhe Miue~.minssile. The diiuc,-,. znS r-,Jvv:. are typicul. of the Sttie 1I

TIC rile iS '1 111 dual rý.oCEe joint. It ::roviaes the ir.,flij-ht booster

Estalint., funct~on, se.,4,rutin& the ujyper sta,,e from the expended staue. -It 'ilsu

fi'!z.(tions ýis ar asserrbly joint (~f ... )

Thie sepuration impalse to provide the reJ'iired functio)r cores f'rom

a linear explosive char~'e. Mhe ring is, c-esi,,;ned to coritain tny ry.irticIle fragment&O

tion from this ciiaree by the use o1f a rutber-like ma~terl-, FR-1)10 (BMS, 5-62)

'4hich can cont-din snuill fruirment8. The primury function ul the m~terial however

is to abeorbe much :)f the shock of the explo~sion.

s ~ -'
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k ~Structurally, the :rmin ordmnene carryin- rivg; is not the pringiry

loao curryinj:* mrember. Compr~ession loads are reacted by a butting together

Of the sta .e skins~, tension loads by the tension tie. The jointk is designevi

to react ill boost .1li0i4 loaIds us we]l. as ,.il~o overpr'essurehi.

Fz~r adultion:L1. det.~iils on the ordixAnce used In this joint, refer to

Secti~on 5>1.j

~~ Booster ZtLa~ir,, Jointn- (Fi~..Il

Thi~s Joint.. detaiI1 in a section throutli a eircunrfei-entifi. joint

used. on th!e Minutf.rrima rdisslle. 71,e dimensions 61ven are Lypica]. of tlhe

St-e 2 - Stuige 3 i nterstuage.

Th~c r~rq!, is u duul. pu~rpose jor.It provicezthe inflij.ht booster

st:i.o ncti,,n, sepr+.rtin..r the uypper statý'e JI'rOT.. thC epxe stagýe. It

also) functionis. us Lr; usseimbly ~ioint (Ref. 3.1...'.2).

VThe epatr inrialse to provide T~he reqiArtu l'unction comes f'rom

ý- Iin,:ar exi'lojive cha.'je. ThE r'ing is c'esiý;nec: to c-nt.)rA4in ainy partical

fr~nettInfrorn thiz chariz,:e by the use ol a rubLer-1 iK ruterial, PR-1910

(BMS 5-6,2) wh~ich ~a;corf.;.tin srrn~ll t'"ý.gments. Tht prilr"ry functiorn of the

rnkitf:,.ial however is to &bsorb =~ch 0f the shocr, of 'ýhe expbs~iori.

StracturstIly, tIhe -uiin ordrairce carryiri! in;Is not the pr i.mry

load carryini.; rember. Compressizon 1LxiCis are reac tea by a butt ine, together

of the staLde v-Kips, ten-Aion loaods by the tericiujn tie. The joint is desig;ned to

re-act ,All boost Il,:tlou,.s as well as silo overpressures.

For 5idditional deta~ils on thec ordniance used in this joint, refer to Section 5.-1.

- ~ ~ C A f- -- - .- -F R -0



Fill."l BOOSTE-;R SEARATION JUINI'r (FIG. 3.2.1-4)

This detail is a section through a circiviferential joint used on "

the HIBEX Missile. It functions to separate the lower (booster) stage from

the upper (instrumentation package) stage du7.ing flight.

The joint primarily consists of a circumferential retainer ring bolted

to the inside of the fiberglass skirt. The ring contains a linear shaped charge

designed to direct its energy in an outward direction and thereby sever the

fiberglass skirt circumferentially. The retainer ring is not designed to

react any loads. It is massive enough however to absorb shock from the

explosive charge.

For additional details on the ordnance used in this joint, refer to

Section i.I.2
4 2

r2
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BOOSTER SEPARATION JOINT
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REFERENCES': BIiBEX PROGRAM DWG 25,,39(?]-(
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33.2.2 LONGITLI)INAL JOINTS

These joints are used to separate an interstage or other missile

segment into n. number of sections for reirol from the booster in fli•jht.

They are longitudinal rather than circumferential ý,nd usually function with

a circumferential joint (Ref. Fig. 3-1 and Section 3.2.1).

No distinction is madu in this section between separation and

assembly Joints. These joints have one prir!±ry function which is separation.

They mlist. le assembled, of course, Lr.t this is diflerentiated frmn the

assembl,, joints discussed elsewhere ,ilace they are used to assemble missile
-Ji

Z sections. not joints.
-J

u• " .o j. 1Initerstzige Longiit~uainal Jit••.•. 2

This Joint is typicul of' those .4sed an the Minul,eman missile

to split both the S3.ae I - Stage 2 in(' the Stage 2 and Sta.e 3 interstage.

It is used in conjunction with thc eircwr-fere.,ntiAl separation joint d.iscusseu

in Sectio 3.J.1 .1. The aimrensino given are the same zs both intersta6es,

the only difference being the Joint !entth. Niumbers in parenthesis pertain

to the Sta,;e 2 and ctage 3 interstage.

Tlc joint works siauiltuneonsly with 1.1e skirt remopal joint which

seps. ,ec the st&irt fror;! the upper booster staue. At the same time, the skirt / .

iS &jlit into four :;ections, effecLin6 both the axial removal. fromrhe path

of flic;ht, und the r'cAi.] removal for 'leti~rancr. The sepirutiun impulse

providink this function comes frotr a ).itiear explosive charge. The rin6 is

desiqrne'u to contain uny particle 'rajLmentation with the rurbtr-li&e ,iteriil,

SHEE -'4.

4 P 17 143',9• 4 R f W. -5



The ring is designeti to retuin all strctural Lnte,,rity throul.,hout

fli-ht lowic and silo o)verpressures.

For additioznA letaLils on the ordnance used in ids joint, refer

to c1ctio' ).I.

eI
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ee STRUC1URZ

FITTIING 2 A
STENSION TIE

FILLER

SIMMESTAGE SKIN

LINEAR EPLO)SIVE

CORK INT1ERSTAGE LOtCITMTINAL' JOINT

o PR-1910

1 . INTERS!AGEE ~ EI Gh WAD TCu0s4I. ,.:Io101 (STA3-IN3 PRESSUPE)

AVERAGE DIA1O ER (N.A.) AVERAGE LENGTH- 4;2.2 IN4. (23-2 IN.).....

CROSS SECT. AREA - .64 1 S(ý. IN.

MATERIAL 2024 AL.

F'TIJRE 3-4.-2-1

REFERENICES: MIN4UTEMAN4 ENGINEERING WG: 25-3'r'45
2.-j7647[

'I 00 US 1-, :
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4. SMAL BISSLE JOINTS

To facilitate the task of the designer whose Joint concept application

is limited to the non-strategic missiles, this section is restricted to joint

designs for missiles of 40 inch diameter or less.

Because so much of the total effort of missile design involves this size

range, this section permits the designer to investigate joint concepts related by

design loads, function and environmental considerations similar to his own re-

quirements exclusive of the larger strategic vehicles.

A look in greater depth than usual, is taken at the joints used on

AGM-69A, both because it representt current developments in the state-of-the-art

and because i-. provides an overall picture of an approach to joint design as
z
o applied to a particular vehicle.
-J

SSupplementing the AG*-69A concepts, are representative joints used on

z other tactical and research missiles.
UJ

4.1 AGM-69A JOINT DESIGN
CL

I. The AGM-69A was configured into four sections to facilitate manufacture,

0
o. assembly and maintenance. These sections are the Payload, Guidance, Propulsion

and Control sections (Reference Figure 4.1).

4.1.1 THEN PAYLOAD SECTION

This section, of monocoque construction, is provided a circumferential

ring at each of three separation Joints. Its structural parts are:

1 a . Impact Fuse Body

2. Forward Nose Shell

3. Warhead Section

4.1.l., lvPACT FUSE BODY JOlIn (Figure 4.1.1-1)

The Impact Fuse Body interfaces with the Forward Nose Shell. The aft

end of the fuse body has external interrupted threads to pernit installation nýnd

removal from the Forard Nose Shell by rotatinj the impact fuse a quarter turn.

4PCK. '414 If
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"Riveted to the forward end of the Forward Nome Shell is a steel ring d6salt d to

accept the imact fuae interrupted threadn. The ring is asseebled to the ahell

using a sealant on the fay~ng surfaces and fastened with mona1 rivets Installed

using a wet primer. A nylon insert Is installed in a longitudinl groove in the

steel ring for locking the impact fuce.

The Joint is sealed by means of a synthetic rubber O-ring located in an

annular g.;roove provided at the base of the fuse body. Fuse body is torqued to

96 to 1i0 inch pounds.

0
-jw
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IHNACT FIME, BODY JOINT

4 1YAGM 1-101-5 1-1 Pura .2.1
Figure 4.1.1-1
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)She]A, No*e Section 2024-0 Aluminum
QQ-A-250/4

(25A280'99-lol-1u) H.T. -T62

2?) Monel Rivet (8 places) WS 20427T H

(, i.Opat Fse Body 2024-T4 Aluminum

i. )Front Nose aing Insert General Purpose Nylon 6/6

(216A135 3t-- ý01-11) Per L-P?4.10

10) 0" RinS M~ 28775-140

6 ..)Radar Absorber Radar Absorber

(25AP402O) smB 8-1.4o

.,T )Forvard Nose Section Ring 4330M, ML-s-8699
Normalized & Tempered

(Ujn3-1a-l R-11. C33 MAX
H H.T. 160-180 Ksi

Collar, Thermal Nose Cap Reinforced Phenolic Molding
(C Chl 35 66- 101-n1 I

9 Sealant. K15-S-8802 or BMS 5-44

Exernal Insulation 93-078 Silicone Rubber

W/7% Quartz Nicro Crystals
Dow-Oorninri Oorp.

" Table 4.1-1-

S) 41(JZ A4%4 - .,
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4.1.1.2 BALLAST SUPPORT BULKHEAD JOINT (Fig. 4.1.1-2)

7b the inside of the forward flange of the circumferential Forward

Warhead Ring is bolted the Ballast Support Bulkhead Ring. Three 1/4 inch

diameter shear bolts are assembled through the ballast and warhead bulkhead

flanges only, and fifteen are assembled through the nose section shell as well.

Nut plates are riveted to the inside of the ballast support bulkhead ring to

receive these bolts. About the outside surface of the aft flange of the Forward

Warhead Ring, is riveted the Warhead Section Shell using 24 monel rivets.

Access to the eighteen bolt fasteners is provided by a plug in the silicone

insulation over the bolt heads.

)-

z
0
_J

I-

3t
I-0

u.

u-

I
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2)

4 3

Scale: None

lu
For Design Cons iderationS & RbeWr-iUs

Data sue Table b.j-2

BALLAS' SUTPORT BULK1EAD JOINT4p

References: AGM-"'-)A Program
D2 AGM20151-3, Para. 4.2.3

U3 __________ 4802Figure 4.1.1-2
u, 4a02,14,, ,V. 6/6, SHEET 3?B
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-J1 Shell, Warhead Section 2024-0 Aluminma
QQ-A-250/4
X.T. -T62

2 Rivet (24 places) MS 2o4-27M6

C3 ) Ring) Nvd Warhead Section, 707'5-T7r3 Ail~inum
''Station 34.70 BMS 7-186 Class In

(25A29548)

04 Rivet (2 places) MS 20o426D3

5 100 Reduced Head i/4"Bolt BAC B3OEL4 •>
& nut plate NAS 106444

Rivet ms 20426D3, 2017-T4

"7> Ring, Ballast Support AISI 1026, Cold Rolled
Bulkhie ud Annealed MIL-S-7952

-J

0 )Shell, Nose Section 2024-0 Ai•.7inum
S(25A28299-101-11) .Q-A- 250/4

"H.T. -T62

z Sealant Eccobond 211

10) Silicone Insulation 93,178 Silicone Rubber
"(PiN to be added) W/7% Quartz Micro')Crystals

Dow Corning Corp.

U. Sealant MIL-S-8802 or BMS5-44

B. Design Consideration - Nose Shell sized by missile ejection condition pro-

ducing the following ultimate shell loads:

a. 4,350 lbs t •ansverse shear

b. 52,500 inch pounds bending moment

c. 150 in-lb torsion moment

d. 30.6 psl max external pressure

e. Design temp. 2600 F.

f -6, 1.5 Req'd (Trough 3 , 7 & 8)

-5, 3 Req'd (Through 3 & 7 only)

Table 4.1-2
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S4.11.3 DOUBL.E TAPHRED SPiT JO IT (rigure 4.1.13)

1 bis joint was designod to support the werhoad an to mechan1al.ly

interface with the missile at the forwa•d end of the electronios section by means

of a quick diuconnect joint. The joint carries the loads associated with support-

inq the aft end of the warhead. In addition It abLINh't the design consides-

tions shown on FiLTure 4.1.1-3.

This joint configuration uses internal involute splines to transfer

shear and torsion loads to waLching external involute splines of the forward

Electronics Sectiori. Axial loads are tramnferred by removable circumferential

splines which seat theinelves in an aunnular groove formed after the Payload

Section is joined to the Elec;ronics 3e ctlon. 7hese removable splines are

-J installed throu(,h an aperture pruvided in the aft steel ring at azimuth 45 degrees

U An arrangement is puovided for indexin- one spline and the other is driven into

IL

S position using an axioal force of 100 lbs. To prevent spline backup, • ta.n• on

Sthe Slrline cover pla'te cnga•' tihe trsunsvvrae seration provided at thie end of

the z line. The spline access cover plate is bolted to the forward Electronics

0 Section Ring by a single A-2186 bolt. An 0-Ring in the aft Warhead Section Ring

forim uan environmental seal cf.Ur The Payload Section is combined with the

Electronics Section.

SH- .E

S ARC 4..4 ..
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'S10

-I"L

S For X csI:-n and. Materials Data

IDLJBLE WAERED SPLINE JOINT

jRcefcrcnc,,2: AGMA- 6 A Pro~lrar
D,'- AC319.CC' Para. 4.2.1.2

Fi.gure' 4.1.1-3

U3 0602 1433 REV. 6/65 SHEET
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A. PART NHAM/UMER MAMIALS

'0 Electrunics Section Shell Steel
4330 M, Kc.L-s-8699
H.T. 16o-189 Koi

2")Involute Splines (Part of 5)'3) Double Tapered Splines (2) St3eel

- 4130 MML-S-18729 Normalized
H.T. 135-145 Kpsi

4) fo01? Ring Silicone Rubber

5 Aft Warhead Section Ring Steel
4330 M, MIL-S-8699
H.T. 160-i8o Ksi

6 Monel Rivet (6Y places) MS 20427M6

7 Sealant MIL-S-8802 or BNE 5-44

0
8 Shell, Warhead Section Aluminum

2024-1), QQ-A-250/ 4

H.T. -T62

9 Plate, Racowr-vy Extension Aluminum
2024-T4, QQ-A-250/1i

i0 Monel Rivet

0 11 External Insulation 93-078 Silicone Rubber
U w,'7% Quartz Micro-crystals
o1 Dow-Corning Corp.

B. DESIGN 0ONDITIONS

a. Transfer' 270 K in-lb ultimate body bending load, 10 K lb

ultiaLtc transverse shear load, and MX) in-lb ultimate torsion load.

b. Design temperature for (a.) is 2500 F.

c. Joint to have Payload Section interchange capability within .30 minuias

while missile is in carrier rack.

d. Minimized surface steps and ;aps to satisfy radar cross section and

aerodynam.ics requirements.

e. Desi;n m-ust not cojnjromise volumetric requirements imposed by warhead

4and electronics coi.)ponentes.

Table 4.1-3

i 1 411 n
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4.1.2 MCRNC SECTION (pigure 4.1.2-1)

Stis section is actually an assembly of two sections; the Electronics

Shell forward and the Motor Skirt Extension aft. The structural Joint components

are identified as follows:

1. Electronic Section Shell with an integrally machined fitting at

the forward end to accept payload sections by means of a quick

disconnect Joint.

2. Motor Skirt Extension

3. Raceway Fairing and Umbilical Cover

4.1.2.1 ELEMqTRONIS SECTION FORWARD JOINT (Figure 4.1.1-3)

The internally machined ring at the forward end of the Electronics

zo Section Shell is designed to mechanically interface with the Payload Section as

-, part of the Double Tapered Spline Joint described in paragraph 4.1.1.3.

z 4.1.2.2 MOTOR SKIRT EXTENSION (Figure 4.1.2-2)

At the interface of the Electronics Shell forward and the Motor Skirt

0.SExtension is located p !.,ucron tc Suppor• Filuting ( Ite' Jo. . Thl 4

0o" structural mezfber provides a mounting surface for electronic equipment and is

machined as an integral part of the environmental and umbilical systems. Its

circumferential flange is fitted with nut plates to permit attachment of a con-

ventional bolted spline joint. A sirdlar Joint less the support fitting provides

the interface between the Motor Skirt Extension and the Propulsion Section.

iil

j4
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A. PART IWIINUIIIM I4ATEPIAL

1 )Motor Case, Fwd Dome & Skirt Steel
4335V

(20A2J4o04) Air Melt
Vacuum Degassod
Hit. 205-225kps

2-Motor Skirt Ectension Steel
K ) ... 4330M

(25A28087) Nin-s-8699
Hit. l6c-18oksi

3 'Electronic Support Casting Aluminum
35 6-T6

(25A-2'896) Qý-A-6OI

4 iElectronics Section Shell Steel
4-330M

(25A28 6 13) Jim,- s- 8699
- Hit. 160-181%si
z
0

5 '5/16 inch Bolts BAC B3OEL5-16
(2 places)

BAC B3OEL5-7
(27 places)

z

_6 i/4 inch Bolts NAS 1504-4
(43 places)

LU
CL

SB. DESIGN CONSIDERATION
0

LU Critical condition is missi.le ejection which produces:

1. Ultimate bendins load of 375,30 in lb

2. Ultimate transverse shear load of 10,000 lb at 282_°F

Shell temp.

Table 4.i-4
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4.1.3 Cmitrol Section

This section iaterfaces with the Propulsion 8eottbn torward and the

Tail Cone Section aft.

4.1.3.1 Af"t .otor Case Asaenbly Joint (Fig.

This joint provilea the mechanical interfce for attaching tho Control

Section to the Propulsion Section. It considte of a forged ring welded to the R

aft end ofx the motor caning. The Hydraulic Manifold La mounted on the instdo of

the forged ring aft flange and the Control 3ection Fairing is mounted on the

outside of the game flange. In Addition, the Nozzle Shell is isted to the Aft

M,.tor Case Ring and mechanically hell by a threaded retAining ring.

S 4.1.3..' Nozzle Clonure ~jL41L

Pk nozzle clowure in included on the aft end of the notitle shell which
aC

stals the motor to maintalin the propellant in a controlled environment prior to
z

motor firing. The closare is designed to rupture cleanly when the motor chamsber

pressure rises to 17 5 1 25 pal at first pulge ignition. The cionure in bonded to

= the nozzle shell with an epoxy adhesive. The surface which forms the olater
0
U-

'USperiphery of the nozzle closnre forms an interface with the 7ontrol Se('tion •Firing

4.1.4 Tail Cone Section

The -,ile Joint of" tht Tail Cone Section provides the mechuntcal inter-

fahce with the Control &@ction.

t"
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A. Part Naue/aber Materia

1. Nozzle Closure Steel6061-T6

2. Aft Closure Shell Steel
4335V
Air Melt
Vacwum Degassed
Hit. 205-225Ksi

3. Engine Exhaust Seal Silicone Rubber
(264•35P8) BMS 1-45

4. Tail Cone Attach Fitting Aluminum
(29AlT13Z`) QW4-A-250/4

5. Seal Rctainer Ring Aluminum
(25AP?8o8o-lO4-i) 6o61-T4

z�-Hit. -T6

6. Epoxy Adhesive

R3. Design Conj1d'rations'
Zw (To be added)
tU

w

"0
U.J

4KTABLE- 4.i-k'
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4.1.4.1 TAIL 00N S3EPARATION JOIN (Figure 4.1.4-1)

The Tail Cone is an aerodynaie faLiriri attacled to the aft and of the

AG*-69A missile to reduce drag, forco during external carry by the carrier aircraft.

The tail cone remwin attached to the wissile until rocket motor ignition occurs

durring launch. Motor ignition causes over-preasurization of the tail cone shell,

and at approximately 33 pounds per suarce inch (Gal) internal pressure. The Tail

Cone attachment basaking slear out, resulting in separation of the tail cone from

the missile.

Through-drilled holes in each of three longitudinal depressions in the

foivurd portion of the spun shell, provide access to tall cone fasteners at 60,

S. 180 und 300 deCrees azimuLh, for the assembly/disassembly functon.
z
0
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TAIL COWL SEPARATION JOINT Scale: None

For Dcoi-,n Conisidert-I rms wnd Materials
" tv ZeQ TLble 4.1-i

TAIL CON'- SEPARATION JOINT

' Refcrznbcx: AGM- J).A
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NUMBER -?_Z- •5-; I I "I
AWAFAMAV" REV OIR

A. PAR N IM., ..

S...fi (•.)Doubler, Tail Corie- 2024-o

-(25A258288-101-11) (-A-250/5
H.T. -T6

9 Retainer, Tail oone 6061-0
(29A17190-1O1-1l) Q.Q-A-250/ll

Q) Bushing, Tsiil Cone Attachment 606l-T6
(29A17191- lOl- ll) QQ-A- 250/11

4) Plate, Filler, TNil Cone 6061-T6
"-- (26A13529-101-11) QQ-A-250/1l

H.T. -T6

5.) Ring, Tail Cone 2024-0(25A28239-101-11) QQ-A-250/4

H.T. -T6

(.) Tail Cone Attach Fitting 2024-T6
S(25A171362) Q-A-25o/40

7 1 Attachrmnt Screw (3 places) ms 16998-c-

f Nut Plate RBACiIOEBN

"Shell, Tail Cone 6o6-o
, )-(25A:8291-1)1-11) (Q-A- 250/11

-' I.T. -T6
>-

B. DESIGN OONSIDLRATIONS:

Fairing to withstand local aerodyranic ultimate loads of 21.3 psi and

Tail Cone jettison ultiniate load of 4130 lbs.

Table 4.1-7

4 47 ' 4 ~r p.'
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4.2 SELECTED SMALL MISSILE JOINTS

Small mimsile joint applications which differ from approaches used. for

AGM-69A are presented in this section together with such design eats as was

available.

4.2.1 The Exos

A three stage sounding vehicle, the Exos start-d with the Honest John

for its first stage. A ground-to-ground artillery rocket, Honest John yields very

high thrust for over four seconds. The ,;econd stage used a Nike booster. Third

stage was provided. by a version of the Thiokol Recruit known as the Yardbird,

which had an accelerntion capability of •pproximately 80 g';. The joint used

o between the second and third stages servea both as an assembly and as a eparation
-J

& joint.

z The flared skirt on the forward stage and the coupling casting bolted to

a: the aft stage (reference Fig. 4.2-1) are both threaded on the outside of the blast
A

0.
>- disph-agnm. Upon forward (third) stage ignition, the pressure of tho exiting gas
Cr

o bows the diaphragm so that the th--ads become disengated from the flared -:%Irt,

and a clean rapid seytration occtrs.

is syste-n is generally used between stages which are fired in

suces',ton without a coast period, to avoid large drag losses caused by the

relftlvely large skirt diameter and the burned o'at preceding stage.

3
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4.3 The Joit• Selection Proces 
M.OW

•.3.1 An example of the process which purmits seleotton of a *sn414ste joint

for a particular application was the seleetion of the Double e Tarred Optine Jotat

(Reference Fig. 4.1.1-3) for the payload/eleatronin sw,'tlo, tnt,,staae on AOM4.,s,.

4.'1.2 In the study shown by Figure 4, J-1, nine candliate JoLnt eonnepti, v~rv

compared against a weighted list of design conlideimitone, Thi primary candidate

from thi& and similar studies vns then compar4 in tho trade study of Filture h,3.0',

which enabled the designer to determine which conc-pt best suited hi spplicstion.

Notice that the requirement (Reference rable 4.1-j) that. the jntnt poeMit

exchange of the payload while the missile is tnstalLed in the carrier rmck, had a

)- signiftcant impact on the choice, since thq ."pline joint reqired only 1tmitt.xz0

4J accfss to the missile body to permit. the exchange f•uiction.
I-
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ITEM

STA 62.3U BODY JOINT WEIGHT COST EASE OF WITHIN OMPATIBILITY MFG E
(REFt CONFIG 29) LB C OPERATIC)N SPACE [ITHBAC I" CMP I

LIMITATION ITH AEC W/H j COMPLEXITY

SNAP WIRE (D2AGM12209-5) I.T REMOVE
13.2 WT IS COVER C
LOW BE- 2. EXPAND NO CURRENT CA
CAUSE NO RING LOADREQMT W/HMTG
ADDITIONAL AVE COST 3. SLIDE CAUSES TECHNIQUES 4.44 &4'H M

SPACE IN COMPT JOINT TO OF AEC (FAB/COST XCCT) VIB
GROOVE WAS 7> FWD EXCEED SPACE ARE NOT
PROVIDED UNTIL AVAILABLE ADAPTABLE

FOR LOCK LOCK RING
RING EXP CLEARS L R

GROOVE

COLLET (D2AGM12209-5)
NO H

LOAD REQMT CURRENT TO
$214.00 1. LOOSEN CAUSES W/H MTG CA

AVE COST 3 SET JOINT TO TECHNIQUES 8.49 P4
19. AaC SCREWS EXCEED SPACE ARE NOT (FAB, COS ACCT) WE

2. ROTATE AVAILABLE ADAPTABLE su
COLLETL

______ ~ LiI~l - PR

BOLTED
F

AEC W/H I

$95.00 MTG REQMT t W
AVE COST 1. REMOVE CAN BE IN- 3.52 M/H, P

6.3 26 BOLTS YES CORPORATED (FA5,.COSIACCT) F
[-5 > (10 MIN. INTO THIS 5

OPERATION) JOINT

W

TAPERED SPLINE C,
RI

1. REMOVE AEC W/H S
$98.00 COVER MTG REQMT 3.U2 M, H

• . AVE COST 2. UNLOCK YES CAN BE IN- I A NLL) SPLINES CORPORATED (FAB/OST ,CCT
'- 3. REMOVE INTO THIS

2 SPLINES JOINT

SMARGINS CANNOT BE RED' UCED BEC

L~>JOINT INTERFERES WITH COINFING NO. 29 WY/` [L>MRISCNOBER'JCED BEC

- AEC USES FLANGE MTG, RADIAL BOLTS, LARGE MATL REOD FOR FAB
EL2_ý>/ TDDUTO TEGKAý CASE - W,,'^Hl

THD'D NUT OR INTEG CE WEXCLUDES TOOL DESIGN 9N'GR DES

MAX WIDTH OF CRACK DESIRED .001 WHEN TOOL FAB COSTS & OPERAIOCNS C
DEPTH EXCEEDS .10 TO ALL JOINTS

II



COSI MR A I ION
-. .-.. -- 4.-

E PATIBILI MFG EASE OF tLIAIILITY RtAACtt To JOINT TOOLS AtNI SYSTEAM ON

c AEC W/H COMPL• fY CORR CC(NI I PAILURt MCL RLPt TASJtNT

m-ý dW6 

wo *' '.. . PATNR SYSTEM Ow

A ARENT CAD PLA CNTLINSTATIC I
L EMTG CLOSE FIT SPRINCA NO KTATIC opt

A N E 44GH & RELAMVE FAILURE LIMITATION THRU RINC RING 0R RING L

CHNICUES 4,44hk H MOTION IN WOULLD ON LMCK ACCs$ |XPANSION FAILS TO W11RING

AEC (FAB/COSV XCCT, VIS & INSTL PcftjMIr LOCK~ COVtR SC.REW OPENINCIS TOOL RCD NGAGI ACCESS C
E NOT CAUSE RING TO UN" REPLACtMeNT COVER SOL

A APTABLE GALLING & LOCK N %. Nt
- LOSS OF CORR SIDE

PROTECTION

HIGH INSTL STATIC 1, Cp
0 RRENT TORQUE RECD "0"
'A *i MTG CAUSES SET SCREWS SET SCREW LARG| PAIL TO RING

-CHNIUES 8.49 PA h GALLING ON BECO•ES COVER SCRktW I P•Qh STRAP TYPE TORQUE BUT
.7 CHIUE 84 1%h LAit IA AL TLRoul JOINTS OR CLEARANCE CDR

WE E NOT (FAB, COý ACCr) WEDGING LOOSE OR REPLAt NT WRENCH SuC URO AF REOD INS
JI APTABLE SURFACES & IN INAD- RElo BECAUSf TIMiS SNT SCREWS R CsJIE OS FCOREOA•L F CAD PLATt AMQD SET SCREWS FOR COLLET 1. SIT

.0 LOSS OF CORR ECUAUiL' 0 CADTIO SLAR
Ell D PROTECTION SET GALLING ROTATION FCL

CAD PLATE FLU

F FASTI MERS
C INSTALLED BOLTS RtMOVE FAIL TO STATICN
"CTG REMT WITH WET Rkq,,UIRE I TTA RING 2H

P AN BE IN- 3.52 W, H PRIMER. BOLTS RM' EPLACEMENT c BOLT WET I C.
A ORPORATLD (FAR Cc'S iAC%.T) FAYING BE CROSS BECAUSE OF PLU NONE TOR& WET

TO THIS SURFACES THREaDiD FINISH PLUG ON DOLTS

OINT IN RIVET GALLING
J ITJOINT ALSO

WET PRIK D

CAD PLATED
RING & AL IqjA
ALODINED LIMITATION STATIC

i,,EC wH SPLINES NEGLECT ON SPLINE, INADEQUAT "0' RING

TG REQMT 3,(2 P.' STATIC JOINT LOCKWIRE COVER SCREW THRU SPLINE LOCKWIRE WiSPLINE

SAN BE IN- (FABCOTCCT) NO MOVEMENT CF SPLINES REQUIRFS ACCESS HANDLE OF SELF-

ORPORATED RMETAL TO AFTER REPLACEMENT OPENING REOD LOCKING ACCESS
NINTO THIS METAL ZERO INSTL MECAUSE OF SPLINESjOINT GAP ENGAGE- FINISHt

MEN T GALLING -'o -"I M "

cJJ L•IARGINS CANNOT BE REDLYED BECAUSE OF MIN

T'L REOD FOR FAB

S CLUDES TOOL DESIGN tr.CR DESIGN &
OL FAB COSTS & COPU:AAIIC'NS COMMAON
ALL JOINTS

i I!

! !_2
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o INtTL NUMBO E R HARDWARE JOINT NTERCHANGE- RADAR TYPE FAB CAPITAL STRESS
-ON CORK PARTS PARTS COMPLEXITY ABILITY SECTION TOOLS REQ'D INVESTtVIENT LEVEL

ACCESS 5-REOD LATHE I. POSITIVE

LT N- ESMARGINSCo.1NIN 2-FTG I-COVER 5-MATCHED SIMPLE LOCK GOOD GRINDERS 2. OK
CORK PLUG I-LOCK SCREW SURFACES RING GROOVE IR 34 $655K PERSTRESS
COVER RING I-,'EX I-ANNUALR IS CRITICAL - UNIT
SOLT PLUG 1-CENTER- PIN MATCH [ --AU

ING RING

I CLLLET MOST COM- 2-CRACK LATHE i. POSITIVE
O REOUIRES 4-REOD PLICATED GRINDERS MARGIN

SIPARATE 3-REOD 3-SET 48-MATCHED LUG MILL 2. OK
NCE CORK 2-FTG SCREWS SURFACES ALIGNMENT DRILL JIGS $682.7K PER

LL) INSULATION I-COLLFT I-INDEX DOUBLE CRITICAL ASSY STRESS
L T ST PIN CAM LUGS 29 UNIT

ON SCREW CLOSE
TOLERANCESPLUG (3) SET SCREWS

COMPLICATED 26 WATCHED LATHE NO
52-REQD 26-MATCHING RADIAL I-CRACK MILL STRESS

N G 26 HOLES 2-REOD 26-BOLTS BOLT HOLES BOLT 26-RECESSED BROACH CHECK
IN CORK I-DOUBLER 26-NUT ON 1TO HOLES SCREWS DRILL JIGS $334.6K OOLTS
TO PLUG 1-FILLER PLATES MATCHED DRILL ASSY UNACCEPTABLE,

LTS OGIVES JIGS &
GAGES L12 _0
RECD

I. LG
SIMPLEST BEST POSITIVE

I.1 ACCESS 2-REQD SIMPLEST NO CRITICAL 2-GROOVES FORMING MARGINS
OPENING 5-REOD )-INDEX 3-MATCHED TOLERANCES REQUIRE ROUTER

ING PLUG 2-FTG PIN SURFACES PERPEN- FILLING DRILL JIGS
INE REQOD 2-SPLINE I-COVER 1-ANNULAR DICULARITY NO CRACK ASSY $56' 7KI2. ZOVER 1-COVER SCREW MATCH OF MATING I 2.OK PER

RBOLT SURFACE TO STRESS
PLUG .t CRITICAL UNIT

BODY JOINT
TRADE STUDY
CALARSON 4 125/16

S_ _ _.. .. . ..... ..-.- - ......--



.4 AN OR11t4A1 JOINT '.:

hIi s section presents a 101nt ,oun,,ept for a missile of approximately 16

to 17 inches in diameter. Its primary pArpose Is to provide attaohment of a pay-

load section to the main body of the missile. Its capability is inteided to provide

the following:

L. Transfer:

a. 270,(X)0 in-iL. iJtimatx% bendiing load,

b. 1tran lb. 'dttmale trnaverse shear load.

cý. k.'0 in - It. iilIt i mate torsion 1"jd.

!I. ThIrt.y minute aaermulvy/iaLtsembly of payload Beetion while missile

is aLta:,, t'i -"w'ri-r aircraft.

I!',. Ylnifmi:e surface gaps andtsteps to satisfy radar zross section and

aerodynamtc rwq,,! rements.

& IV. Maximwa possible internal volume for warhead and electronic equip-

ment.
I-

V. Satisfy I through IV at a Jemign temperature of i710 F.
Uj

4*.4.1 DMSCRIPTION

The joint consists of a forward ring attached by rivets to the nose

section, and an aft ring similarly attacthei to the main body shell. The aft ring

J& assembled inside the forward ring so that twelve bayonets on the aft ring pass

throtuh tweLve slots in the main flange of the forward ring. (Reference Figure

4.4.1.-J). As viewed from the rear, the aft ring is rotated clockwise through

approximately six riegrees (60). This draws the Incl ned bayonet surfaces of the

aft ring flange against matching surfaces on the forward ring flange. while

forcing the principal. circi-ferential flanges of each to bear on one other. While

thus held, the assembly is locked by installing a lock bolt through lugs, one on

each ring, which have been drawn together by the rotation. Aecess to provided

I 3 4PO2 0 li. .1-
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",i IP, et•,') reesn's a jolnt .on'lpt for a mi&silo of approximately l16

to V7 Inchoj In filametsr. Its primary va"rpol.o Is to proviae attaolmeont. "f a pay-

load section to tho %1^o li041 or the otissile. rts capablllty ii• Intended to provide

the following;

r. 'ransfer

a. '1(.10CO, in-il. ltnmaI t o 1mt .n,%inK IONI.

b. 10,0" it., ilttmate trftn verse •h'ar load.

. 'a.Q |-U., *'tilt Imat to'iaun L[A .

T!. 'Iri'tr• w Inkte o ,yf uaufenb1, of payload uect.ion while missile

L, J i H'it"u-t-r aircraft.

Si~l. •w',qte uv.rface gape anc.etepc to alstilfy radar cross section and

a: ae r o d y n a mt , - j •' ,' , r ' n i. nt sn ,

IV. Maximwn poasible internal vohlwie for warhead and electronic equip-

Ment.
0

SV. 3atlafy I through IV at. a denign tomporatare of P70 F.

L4 i.4.1 DESCRIP'TON

The joint elonkists of a V, vrart ring attached by rivets to the nose

section, iand an aft ring similarly attached to the main body shell. The aft ring

is a~sem~ed inside the forward ring so that twtlve bayonets on the aft ring pass

through twelve alots in the main flange of the forward ring. (Reference Figure

4.41.1l). • viewed from the rear, the aft ring is rotated clockwise through

approximately six degrees (60). This draws the IncUned bayonet surfaces of the

aft ring flange against matching surfaces on the forward ring flange, while

forcing the principal circitmferential flanges of each to bear on one other. While

thus held, the assembly is locked by installing a lock bolt through lugs, one on

each ring, which have been drawn together by the rotation. Access is provided
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NOTE: The purpose of these early and preliminary joint arrangements
is to provide examples for the trades exercise of this section.
Their principal value as design concepts is probably that they
illustrate features most to be avoided in joint design considerations.
(See text.)
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by slots and hole. In the respective rings vh1oh art then covered by a slogle plate

vhich restorea the external oontour of the Woy *.hal. 'rapped surfa•es On each

ring perit• the msuembly of a spocial tool (Retormec F'igure I ",i') roqiaired to

"assemble or 8teawsembla the aoottond extornuily. The Joint 4% fabricated from

433•. M01) stpol, heat tract,elto JeO,O) to 1?3,l()'0, pet.

-. ALuAV 'rTON

'11he cm,•P;p, wau ,ubmt t'.ed t.o Organ•zat.lon f-t0 For a prelltmin.ry

eva•iuatIon, t~he' reznlt.4 of vnk'h aro •rvti,•) on h,, l'ol•lnwin,; P"d,.
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COORDINATION SHEET E, -,
TO R. V. Gambrell 2-5166 8x-5i NO. C$.AC1S-08-41

W. R. Clark 2-5166 8K-51 ITEM NO.

CC W. H. Jacaway 2-1630 82-26 DATE July' 2, 1968

T. P. Rona 2-1755 8C-82 MODEL

GROUP INDEX Air Carried Missiles - Structures

SUBJECT Structural Feasibility of Bayonet MHisile Joint Concept

PREFERCE: (a) 2-5167-O-201 Missile Joint Concept Compendium of Missile Joints

In a preliminary qualitative structural evaluation of the missile joint concept of
Ref. (a), the concept was found to be basically feasible from a structural point of
view.

SIn 
the analysis of a typical missile joint application, the maximum stress in the

joint was found to in the order of 40% higher than the maximum stress in a normal
cylindrical section of the missile. Alsq a missile with this joint compared to one
without has approximately a 20% decrease 1n bending frequency.

A recommended change in the joint from a structural point of view is the elimination
of all sharp corners to prevent local stress concentrations.

A more detailed stress analysis of this joint concept would depend on the specific
configuration, weight distribution, and stiffness of the missile in which the joint is
to be used. From this the mode shapes and frequencies could be found and, thus, the
effect of the joint on dynamic loads,, control interaction, and terminal quidance
efTectiveness could be determined.

Prepared by ~2

S. C. Wn quist
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5 .0 DFE3IGN CONS)ID1eWtTIOr:S

Ther'e arc! mr.4ny dtsII73 r.equITC-4-Tits I% cnonnidrationu whick. must

be kept in mind whtri celer!tint, ai juint densi-ji ror m~inasis. fliese 4kre uswAll.y

unique fOl' CJCIi ~LppliCatjLI' 1" bIttý. Ly P1, into one or ii'''. h ')l~~~

Urfivncte.-arioni

(3) 'K.bf *Wei i recessir.y )

Each of the~se ktret-s can be~ tie~ s je~ct ol' Aiý entire docu~ment by itseli'.

Corse -iert 1.,, rio ..Att~eapt is beirl.' mnfk to tell s.'i te .t)ry, However,

7 certain ~'ee'tint'0r-itlo08 i3s LItefui f--r Iihe ci1, ent,~iner to c'annitlez

5.1 ORIN\CL S'kPiARATIUN

Inf'1'rMtir1 i'senled in this scL'tio it; lurt'.ely 6crcived Ir'l-o thne

Boei.n6 Research docuzuen-t LX-hI-,Crr Q:t o:rirernt~s an' use es

Des igtiGulue . 'Dits 'ioclamerit. siulin oe -.,ei'rrf- to f-r Lt(hoition~.l Get,,i'lo or'

S. IA MYPIC/U. ORDN'ANCE TRAiIN

* Fieure 1 .1 I . -I 511v)WG nGCieniticnally an or-unance train ucst-i to statge

an expended booster arid I-eAO'Ve the upr.pcr staje booster skirt. (Ref-er also to

Figure _4-1). This figure also identif'ies some of the ordnance comnponents

involved. Diey ire discussed in Section 5.1 .2 and pictorially shown on

4 LFigure 5.1.1:-2.
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3. ,H BOOSTE At " At

- LINIA CHARGE

J t AT 4141% 1
7 . ..



NUMBER-

REV IR

"This tr•.in is .t unique coniiturattion for one applicution and is not

!!eant to be universal. It gives an idea of the influencing fuctors involved

in an ordnance separution juint, design.

The sejuence o events which take pblce in this particular design

is as follo'ws:

a. Electrical signal activates the Safe and Arm Device (1) which

ignites the detonators (2).

b. Mhe detonators (2) explode tnd ignite the linear charge (7).

c. The linear charge (7) explodes find stages the lower stage booster

from the skirt.

d. As the lower stage pulls away, it pulls the irnyai'd on the _2 fe

:.rni Arm Dev 4.'e ( j, rm i.ing it.

e. S3afe and arm device (41 ignites the delfty boosters (6).

'f. After a aelay period, th.e delay boosters (6) ignite the primary

U.: g. boo~t.tr (3) explodes and ignite• the linear charg-e (7.

h. The linear charge (7) explodes thereby igniting the boosters (5).

i. The buoster:, b>) ignite the .harge (7) which explodes and

breaks the skirt into four panels which are elected by the force

of th' explo:,ion.

.11

4i



512 TYPICAL O1F)EAJC3 COMPONAM8

21t.WAi_! ~ ~~Cont~rols the

Swl,..,h, all p orfrmnii- tic fw-iuct;ion of mdr.~ a-ad brea~k 6f

.1Ti .1 cI. L22
TheC L4.A de'vKce io Incor-po.*ted :!.to zan sun~.ebayste= w.-ich., if
i~n~dvc'tcaLj,,y ýLct:Lviý!cd, would. c;i~ in c, cata~trophic incident with
poc:;aibIe locr of LAife and pi~opcrty.

Gý71 .!own -4zet Of S o7 bSyGIcx which norn"Iý.y do

aL. Latter at.vc.to

C. Zý..LpiooZ ve Vý VL

G * ~ ~o~vecable cu-L.-er ..

fic ~~2 ~z .~ .. ~Ž.(~ .I.f E~ach L.ub-

The ~~p~c~tK ~ c w;~iI. d ~ic .. .' Qrac(t i-ttcd ze oni.;7 sub

?rovi~.c focr d.: _"C.' Zt- .tote o.-ec Or

a;L.oi .n-r'~.on of~ tho 7'oý.v train witnia thC 3JýA alld astGiSt
i.n 'r.-vaiaing zyutcmna'ey

Pxnl .Lriv k -1 nci c;2u. bcjcdtu.. t.- cX Lpace or cc-t' . wti!

f ra..j l~a 0. cpa to, .9. c~sloze to the 0il,:'..

rju" or detor...~or) wouLA` be iu4;taI.e_1c on the ordna.nce 'eLAd

-44.- -- -' - *-ý -.4-4 ---G -, -- 6t -
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lo J".u ~wJU n% b uviNur tti'wi X1i.-ýtQ~tkt.& wkil coLnat-Ln to hs

Lim moh %,', w.Lth WA dtovlcIpa In the o,'f, pomilt4on&. Thim In a'.o4ocis.h*4

~:1~t'±~~ ~ *i uma to tuibt orlirwuo'v firin.,r o1.aci~tit G)ýAl be
'~WW t T!LL.t Iil M14 OUW4~L roVt to . xcovu. W\) MUI.)uron for one

iww t o~.I &' to mwoid .i &to t~: 4hn perfr iw or ±nti'UtLng

Thoe J d v..ca my cwtkl tha folAcwli.a Zal.X-ty hata.rou to prveta

c. ?P'ov.Lu(! muchwiictt lack in ujnfe pa~ition

'. ~suý tho ~~i'u.Lxa~ in :ýr;ýe .a&'.Cty, t~he I.2.1owing must be
Qau13±Iderc m h ý&~ in.La11ýlation 6i~d checkout of S"A devices.,

bo Proper uzQ of prot,?ctivc o(,6.u1,?memt Ameuntionw. test.

c,* Prohibit scaIng pin romo.vc&1 except 1"Irncti~orwi test.
in te~it urea. Md. whaix razdy to launch.

SHE
4JA0 440d 44 OM4(.. 4.0'ý
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REV ORI

d. t'M nin. ar:lnr, of ;;,,w da~c at~er WC-Lata1ot4ort cmacept
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~\, %,

IN 1.

of ca'h tyc ý - uoo h(r.dwaro) wifd Qo-;IwJI tq~??.cft(X&tof o1c

by ~ x~~.~~' .. ' ~' Me C.-::j2.oavt' Chr is

* L~2~ U~fl~:;.U~'..LC0: !.z:rud luti- in. the form of

wutatia;- w'xn. f-cLuýL4-t.:. A fecw ,ww3",1Lr3 do stute

~~~licv.V iva l ~... ~ 2~n oads

IX j~ ~±.c~ .~ ±.Y~ o. ~ I~A. ro-Iý ~'i3 aot )Ar cuL.ULL-de

04..t U
*~~ ~ o'~ '* t4!4 I 

.4S



.i. ý,(aic '3~& DlWtsion

u. O\liLnd Co * , Ac.31 Ch~CA C~. i~ncicA-rWetu Divisiono

4.,

ror infloi~atiofl on~ the rl:iný; Gyatem) Goo 5.1.2.4, Ini~tiators*

"%x;iný urlitlrn of~ e):x-i~vL or 7re!;su~rc car'tridge

* *..c Lioptration n~ut it; a3 uxa.n~ lc~ii.,ýnf-d LCox injt&a.J..iot±f
iii a n..fLnc~r ~iaird?.- -ýo a reL;.1r i.Lýt itu zt~~t21Joi~nin

C.l:L ); '~ Orv~u 1 ~. chacLe I.; confta~fed

in - ~x~-c oontto bec iný;-a3~2cd v.2tce' the a.;ýCably

Trh,_.rr LzaC-rL .ý,, ý7wtin of reloax-e nuta3 ranring
bet':corin the of ai -4rrrxt-,xred Lccldon; of ths nut
t%-o tho3e which relvas no. Cao or f'ra~cture~d sectiona wheli,
ac't'ateol.. Bach Vrpe wl:J. pez-frm a satisfactory releasb..

9,,MA1ý lkr.4u



-___ ___ ____ ___ ____ ___ rK V tiR

tthtr ou arc'~o.. rolutiv.ly frcuw.-c Iynj'm~r w23.r~a~

volly littlruI zuV Ga tid~ vilil Cornt.xatv no ahock.

Rv3.':,ý ntruts will normaVlly be' LoVA ratc4L in a~ccordance yith
'Li. lo,,i rrvtintL; cji th,. ' kL i, ri~ t qiývd, bolt.

L;ic~ovu actaiktio,, o*- rore! f our poi~ntu iai not reo~cnded.

C. 1[OiuX L'c.C

o. Space Lac~nc ~ h.

~.Corriax Corp.

h. Omeý;a Prec~i~o 1:4C.

For AJ..iorrn"tloa conccrunnC the f'irir.& subsysto= see il

5.Tc..t 2't!hods

S$HEET *~



G<U Cr :.

1o~~ivI ,Lc ý.~ ...ctL.1ic or pli3tic tulv,"Lar c~on-
t *er4 1 zQ char,;ký is, c~s luio%' as :-l~d EL.tona.ting

r~io (m), r:ACXor-, Cw.aU LOýw U.rz-t D-,cau '.:ir Cord. (L eDC)
'Ll C-x.llos'Lvc c'L £c 4 t in:t&i1aotllon..z In led or

raU.2wa ~a lli .U;: cr PL ,c:f o of hig~l llelikiblii-ity,

veiociy writh resultita- hiý:% encror shonl, wuve realease,

0.- ( irýLz ~cto: !d'oa on of debonoa-

PU)Xhw fo 1~v ~bcnq:C c r u.-c:~ a-, t~' above
.0,C)O z j.t. ~ .~. ~~~~r~I~ yztlem. Thereý

~cur.~ncwor c~r 1,1' o.Clvc: 1, to %';orii'y 'ocŽof any
lincar e::p~owiv,2 LL'*%,!; llonl-ý ox'ý-r! OIL zc -rlz'), to

~ ~ri~o~'t- * a~ c~:~..of -,o Cany
4- - 1, while excpooe~l4k*o cýyjci tu :y cwtice

prc ýrforn-.:ce vuriutiato: &iec drcc~.

C. i. . Aont ;e~u~Co.

0a OLw ICI0IMtb .i-;ae ih tutr

ot 4aO.' 1444 Or-IQ. 4-cl



vr

whiexle P .- Jrcgz:urc to r.-,r~urc ~~OICcavity (P'01)

11h, c!Ut of (11", of 1~X 22QCa/ji

11 j~ m i.ir .C~. per foot of' jo-int (Crrains)

V =VQIL=! 01 ol XPIOý;iVe CU~ivy (cubic i.nclicr per
goco. of' joint)

2.3"9 Co;.vC:%:toIcn jtý,

rj:.~ in~ ~rci.e ~ i:. '.ic2.. ;~CJ ir~C>.>;TFy')e joirnt

(>rc Z:u(t 4e x Crc Lo ~ Jcorneirs in the

I&~Jflp3.Z'CAL' tZ .. i;~'' ~C~VC~i'~~r~.L hlirhc- could

( c~2 Li:.r~k o*azru isU~ a~- m.; :Ldc&J.

looazcxd ýýo firc i."ýo ec-,I& of the ex.,oIuiwe Core o' the

5 rayinpecio

"Iboth Jcjt~.-autive ýn a; nn, wiJ.2 -- v o iL:,' i.L ý!,ation

., 0 X t tDp tota..i 0~ f ..\r,~ r0-iayi ~.;.n

cor,-t-ini~ty o.: theuxpl~ozi~vc eavi~Ly., thle ?:.,cjca of "-pl.osive

cwa .10~t, be vc~rified~.

~46.)W 14j4 OPIO 4.O60



j7 cr~i

L.~~c w: Lla Ac."" vCr

A.r$ LJ Ottiri;'. i . I.. I' t: r ~:~r'' i flc ivr'u tihr

an cc"~'tacc tcowL a.u al'.:. ).nv k-- 1inc -o,:h cl -r'. f

'a w h r,. o±?* ;_I p"Iri~o 4CIcngI*.h.I

:crwrcd l~ 'ni. wil J1 or;nJ ..1 be bycff~ b ~

an bcit of., It:it'J. chvx-,h f:. . ie k r om
of a'- prdcuu lcn--' **

1ic'r-qing d Iwe 'o: ',)~ony inLL)o0V soat~.a r~

A:"' ha!a.ncar arm'I ctrCL. i2.o qaorn ; Vil ' L -X1C Lcori shea

2 . n Z'r'cu ;_1l:.v "l.CZ n ,)o;ýTr
rli_.jrar be oil'; inLc i~ ~ t caupor-t i ~ruolaJ.l et'r~

re-fereacc JL o o V~1

d Llac i '."!'o' *ý'''-:
Cl (Ref- IGM 5.1..2-1



PiODUC.T SDATA 1, EQ

ODX LEAD OON~F!3UFlATCNI~l YZns

REFERENCE
E.-3. CO. DRAWNNG2-
E,-Ut. CO, SPECIFICATION T-007 -CIO

CONSTRUCTION
SHEATH 6% ANTIMONIAL LEAD 1.-, Sb)
COric PDX (M..n~-% 2±~Cr/T J10%'I.

GRO$ WT 20.2 GM/F.T; 44.G07100Q FT '1I

AVAILABILITY' MAllUFACTURED IN 40 FT LENCGTHS AND) SHIPP#:D IN STRAIGHT,

LENýGTHS OF UP TO 20 FT.

DWIWeSIONS

A 0.007" WMNUM

A B 0.148" 10.003'
c .iE9* tO.007'

C 0.069' ±0.007'

E- 0 
Q 2- M I IM UMu l

K __________ iiF 6.054' REFERENCE
0- CQ- C 2.5 0 ta

F//7/T - ,- rNOTE* RA0iUS OF ALA. 5HARP CORNEPS

LSTAND-OFF .I ~5 hN.0

FENECrRATiO'jN PROIEi CUTTING PERrORV1ANCE

..Lf27lflI~7V AVCX-T-Co'l~-TO AWvMINUM
aTANz)-oVV

.10 0 00- -

.090.0

TACC Z24 -T4 A.LUJMIN M ANALYZED FROM 40 TC5T!D

08 T ~N BRUCETON SEQUECWX

THE EN~~lrTN - FORD c

-__SBRY -C\.% -lc 
5.1.-2.2 - --- -1



iIAI~~~I t, A VI~ L'9 It roe 111A9~'.f*,

t,~1.u J. l 11 2. 0 i~ 4 ' L~ ' N O99 it,, .)I

(loot' ' 1.9I I 'i rij avvnv, mxko&u±va 1Inid can bu

I, 2i.i, '2 .tuI tuld 1 C"clicd. In1 tl.Au

01 0.X ztx~vc ; or ý;ccti.oaui :rom~ t~he

Lit Co.

t*01 0. ' :- . by an

Lz t -.-X ~jet 1;'ra V-,"" C11'tlAnG is
co~~.e~ .~su~Of~~.2 to COntruol. tihe back b2.&at.)

0. Toest .*A

,,,x vcluee. to Cnz.ýOrt vcoiot
Alt

4, F
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NUvBIA'

5 A..3 0I"f Pcoý4§A E L

i~~n t.o rtrn-vp tho cri,_w %0~u LC 1hr~~ 'a'tiJ o1~.it

the~ corinpzlra.tivol' ill...enuiivte ,.,,Un C~tc1vvr i'hI. oo .xir ;y '6v ii tho
1,01,1" 01! preo.jd Pellets Ovo in ,1ha_,,c~Ic~ dA~~ re'qý&.Imld by a6
paLrtiu2.ar systeIa, &ee pacýo 6 3 for' aL to~ ~tpo

.0p iutoo cation)1

Ico:5tejra w.ill bo 'Lq4pLed to te ic initiation trai~n of explosive coi~onant~s
to utop-up tlio da onat:,on rate caid vmr rnewsc of the ±nitating'or

do~~conriovacnt -to a ie~vu2 roeq-uirod to deton~ate the boaoe chargre or
r,ýccivcr co:mponeat of ti~i cxpluo.2Ve truin.

Bnoortters iay &o be c.pplictl ,o t~hc .nitia.tton t;:aia of LL La:3 Cgenerator
or 5o'lid prvop~iieft notor to t-p tho release of hot gac and
bUxi-in- pz~x~lclc, into the _a~ c~ ,c "or msore rapid build up of main,

1-, Loth of t1,he nbovc: ý;ytcrn. c~ the boooter raty be flncor~poxrated onaly
to redutce thetotl cjua:tlty of sunsitve r =x x:p o iv the
initilat~o. c, )net

TIj tlio d',wv oprnc:1 c.2 z ~~.~v r~ c~ x~' y3te'fl3, it i15

' cuj'.. 7,1i3 IL3U:'t bký d~rC, k10(tCxer' With fil.1 C~op )'a"-c1ofl of the
bcct~Ž ~2:~I:t~x~rsiace an Lncorrect z,-1act-ior could coi.promise

a *.. 1.ý DZa01"t io..s&Co.

b. THre-aleo PtywdoŽr Co.

c. Uaivez-ic.-u I."tch Co.

d. Jet 1i:czioarch Con ter Inc .

Zcororat njý4 a tuoostxr in~o a xrto eqju:c. that it be ac:isitive
Sto be inlticAho~i by- 'thc intiL&'tor or doLiincr and -provide the

wx-'rect oii'ý.ut f'o.- iniU1iv_`ý!nc:,, thc ..c:t ste-p oi :cnt hev t-rain.
-!i-- no fir", "round rJ-e r . a. booster to aai ixitic~tioa

tc"~z, 11 . a5 pndcn o A0.4)n '-V >o cOr p'ojGplI= ste,~ 8LAI
coa.%,,ura~tion. I`.ch sub_.zystcr wur~tilil be deteirmined d-rn
develop~ent.

5HEET 4
u8OQ ,46W 4 0 Fil~ 4-65



I~~F I A 4k~,

L;M't~htOI OY~t, 'sq *03a U~VQ clcpwr w... *.Ln. o tl;u ra\vr In-lt a lon

U3I atc (.r." , i handling prc."e , j iii wthL; .rseoa bA andL

UpociC n pro.i rc d.2.±naie forou'' tho jouueorduur up'tv t.Forn,

U.S 4902 14AA OfNAG. 4-65
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1 1' k*

iti

D I~toimftov - Ail idi LA-. 1,4 %,-, WIhk~ u~~' ~~ j~t Oil

"'Ac.1 tý) w k LdL' ~. () L.~j.'I .f ,& suIj...'i ch t &as

b. ~ - 4,, :, ew~o% maa 1!7iLtLi ctiui. gina

~, 1r~a~~r 01c' -'%.11 woj..uxt *T~it ',I C. .I, 1'Cl "t13r ca1 .

ot :'%"Q tro

hi'~Iui~ ~i.r~ I;~ ~,~ ~2. ,':2,~,; yi. i:.c~i. ~yi~c13&

~~~~~~~; c;~~.i~cin i
1 A&YD s , ý , .ý;v r i

01, to ci V
':4wv &i. a4.c4asli'U, .to



%'e UP

Y: 11ý' L-uini~'~ Inc. I i'u2..'. !VL~~on

V. Ortirinco ýItirinacr ing Azaociu~oQ3 Inc.

CxuC'Lri.Ldý A~tuat~d D.-viu~c Inc,

h. llvrcules oowc(Icr Co.,

:Za1.

m. P1ec~isicua Tchnoloj~r Inc.

p. Atl~ant.ic Rozearch Con,., U. S. K~aro Liv.

q. S$?acu Orcinuncc 2Sy~temis Lc.

r.* Arlirid. Co., Arlind lao~.t rc. Livii'.-j L

a. Ol~in MLithiesom 0,cmicul Corp., Lih~~W~2n£iv.Lion

t,. G,.rIncraa. Precisioa Inc., Linki Drd..ai-cec Di~v.

u. ktirc3 Chcmioca Indwciucrs. Inc., 0O,!.ncc %%teriul. Dept.

Thce firbing of detonizatiuI2 or ti fagm~t-in.; ini~tiatorc lo a,~ccompliahcd.

ppla-iicd; -,,(. fl2chani"U x, ;cic. Iz.i" a pcz.'cuis;;ioa pjrim&ý vit
a lrnyztrrl ol- !;.- -smi X:wi pii-., .Ua used motly, on Qrol c~capn
'iyztC'xi.. Ot""icr v~p11Cationi., will Lwrt' often Iwo elt>ztrico.1 tniuiactlo4 ~bccaur~c of~ red-ucccl -enjitivity to conditions.A)

-vwW --- - - - . -



I7 t- IE

c,;.' ~, tkV**n;

(see refer~aee a and f Ti chi :cXturJ.ý.t~ic. will ":uru u re=49b
able Avcl ol' oalub~ttV ,in, rol1luhililvy. l"or irn1Qrni~tionl on proceu~res
for statioticcCl n~'ij.~io of pcrfo~v.,.aca p ara~i:trG of inlktiator3,

Sc Refecre.nce c..

lie In ~itiator &1v.1. aol- fi.',c ror zhtali perfozrI .rnce be degrad~edj,
1xy thir, appl.icaLlon of 1. &9.pNro/l watt power to thie bridgcwire

b. The ILitr .l not; w2ir o Th un c~ctrl:-3~tc di~charde of
"~5,00JO vol-L; iG ti'Il.ioc~ bri,1: ci.'cuIts a.na the

c. T'he rLtc' bcw.-zc~ tlic or2 w~ ircuit LrUn caoc Zl.-,ul be
'Z0..:2 IT~ Len WiCI~catr With' a po'ýcxitir3 o' 1O00 volt3 ac

a. :n,*-2iui rccoia nu.d. fiJ*Xr.Lr cuý%cxc. shn.Z b' 5 pŽ'.

e. LTitit.ator t:. t r ;.2 b p ci2c in accc i _~c with

~y~cn r~uic~:t.;, ~ow~ti.;.ý to 2irc: - f'or d..;tonatora, le.,s
t 5 rlU!ijcý_cxidL;;o C;a, cncratorn time 1.o pvc~uý.ura rise less

1'* LiV*..at~or :i;.in ý;yýh", 1 be eta. oatiai.; (2 r~e) .3y6tems,
(chas~is rctur x hsziii not "ou ucd).

Init.Lators showni cta (x1L; 1.I-~o ,.ot mcat t-hac re ui-remnts are
pri.~n ,. s envclopu zrxi~p_ o.~J~y, oa canc be va~ricd to meet

12w: cornple-Le d,:t,-a11 of7 bctt cG:Lvc_.-tjoazý. aa". expoioair; bridgewire
(~a:) iAUyutc=;, CCU 1iuiX,"~cace a.

'rhe ;xtitiaitor~z Toli lbc tc,'.,tvd for bric22uw;i-~c r Io-.1tnnce prior to
rlakilnL; 1ljnn2.m coari(cctIofl to tliz- ±'irii*ý syztem. 2mtoa4t shall1 be
accoriliohoise 'With thic, inlti&-ý C2' in-, c;ll.cd in a protective cl.mber toz

4 prciv(Itn a~ catuastroA-iic rteaC ~i4 .l Or ur to pcriOnne2. iza eaca~ oi6

U9 AStCj 1434 0ONG. 4-4&



IA rAn Ii 1A .

'qor I

a ~ii rit LLv( ,. 'd u A

a. A -prctt~c,~~ 'vc' Cw,4UUr to vntv'o1 tl orC~ &g Inat*vem t Inl
ti ofl* '

b. A rcaiutaikie i~tA'- wit.h u po~icr rh rt circtii.oltý of leas
th~ 0) ~13.1bp~ L~r. tr.ý.3t sot tlircct. output 0~1' Vnn thain 10

1~1i.~i~w maCU cf~ti Cicut Aonfl or ime., orf ordwirUo( co! ))flCTnetc will
be rcclu.:'at1. ( "- ZoInt;~ -(cAtAr 19-210i944 or e,.uiv;Uen'*.)

c. A IL~ itijm.znveŽ AC-7) 'it' tr' o te n U_'
ir~ct~i~ vo~. & ~ ( V~r.ro,- 0-`~ 5 T-0 150 m~illi-

n W-i vi'in tl'r i .c~~~yr'~~' 0 .. o 15 i~~'2~.A CrO36
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5.2 JO11T TRADES EXERCISE

Frequently the designer is faced with the selection of a joint concept

from a number of available alternatives. The use of a manufacturing approach to

make the decision is demonstrated by the following example which uses case neg-

mented joint concepts developed in the Minuteman Program.

5.2.1 MANUFACTURING CONSIDERATIONS

The six joints shown on Figure 5.2.1-1 have been evaluated on the basis

of producibility In terms of fabrication time and the relative importance of the

two. All ,oints are considered to be interchangeable and ultimately producible.

5.2.1.1 StUMMARY

Of the joint concepts considered, the taper pin and clevis joint has

been selected as being the most desirable in terms of prmcibility. The joint

requires more installation effort than some of the others, however, the findings

indicated that initial fabrication time far outweighed field assembly time for the

program concept of which this study was a part.

The primary advantage of the taper pin and clevis joint design concept

is that it somewhat relieves the requirement for close hole alignment that most

other designs require. This, of course, reduces part fabrication.

5.2.1.2 DESCRIr!iON

5.2.1.2.1 STRAIGHT PIN JOINT

Joint Concept No. 1, the clevis and straight shear pin, would require

both the highest fabrication time and the highest assembly time of all the joints

examined. The reasons for this are the extraordinary dimensional tolerances that

would have to be maintained in making the rings, and the level of alignment

precision required in the joining operation. The joint is unlike the present

Minuteman joint in that the fasteners carry the compression load. This requires

that there be a close (Class I) fit between pin and matching holes. The joint is

SHEFE 8
• 4 I,' M *. 4.4 ORAIG. 4-t"



BAY:-, C JO'NT I Y, L 0 S FIF

T6 JOIN~ i LS <L~ A

3O11' I VA fiAT_ C
Kr I

A N G I E ,., T

is~~~ to pr vi 
e"x m

I u r fe tr' /,

j 1

_ _-:< ---,,~ .-.----. '~ K A NG(L.LIvtE.NlT i,,. 5 6

NOTE: The purpose of ths4
Is to provide exam p
Their principal valuj

S• }II lustrate features

(See text.)

.- FI(7UkE 5.2.1.I

NO .

REV' LTR______12 V= j

U3 431 2 80CO 2 . M



C S i , L Al1

b,-A._ ýC F' I Y A, j D

TO JOIN STELL CASE
U ,H T PIN Ho ...............

VA/ IA !CI, T , C, 
I- h,..e,- A IT Q, TR'H RN I T' ,"L FI TAi

I I

/ t ,/

//

4-i -,-;,[ 7 r•

111T
~kVANG f..1KN .. _"

NOTE: The purpose of these early and pre liminary joint arrangements
is to provide examplos for the trades exercise of this section.
Their principal va lug as desin concepts is probably that they
Illustrate features most to bt avoided in joint design considerations.
(See text.)

REI4 LTR___ ___

4i3t2 AOCiI I1



P T

-ND EL VIS LOC KS FI- kFI

~~ 11 ~G LA'.'**, CAA:$ ]T_,--.1 CAF k:'t>.(7 i.

I I N 17\FL kdý Pit T APE kLL: F N

...... ....K I f

, 4 i

I .... 1,

-" 11.1 I"

," .y,4)L / ' "

I,.....- _____ __....

____ ____FIG~t:,E 
5.9_.1-I

" : - ° - ',= ,: ,, •l Ir : I I -N 1. - II)



NAJD CL EVS LOORSKFkF

CAGLAJ CA'...LV CA"L. LA ___

P HN TAPEkL[) PlhN TAPE kLL. FIN

K I LY 1-1

V.4

N C)



NUMBFR DW-12.5,)11 1
,,k- ff"" " vc~P^NYREV HIR

5.-.l.2.L (Continued)

similar in concept to the type of shear Joint used for Bomarc, but Domare bad a

3 foot diameter where this design is for a 10 foot diameter. Of even greater

significance is the method of assembly. Where Bomarc Joints were assembled only

with the aid of elaborate holding fixtures and the most careful attention, it

would be necessary to assembly the Joint here considered with a minimum of mecha-

nical aids and in a suspended mode.

To insure success of assembly, the dimensional accuracy of the related

parts must be near perfect. Normal tolerances for master tool construction, hole

coordination, axial .alignment and closeness of fit between pin and holes must be

abandoned in favor of super precision work. Increasing acc'tracy requirements from

thousandths of an inch to ten-thousandths of an inch would have a marked effect on

fabrication costs.

5.2.1.2.2 TAPER PIN JOINT

Although at first appearance this design concept appears t.o be about

equal in complexity to the straight pin concept, in reality they represent opposite

ends of the producibility spectrum in terms of fabrication costs. Although there

remains some question as to whether or not the taper pin design here considered

can be made interchangeable', it was assumed that. a satisfactory design can be

achieved. Such a design would provide for a positive fit, with no allowance,

while at the same time the individual part tolerance could be relatively large.

It is this less precise dimensional control that brings the cost of fabrication

down, and the positive seating of one joint ring on the other (as on present

Minuteman) that reduces the assembly time.

5.2.1.2.3 TAPER PIN, THREADED

The threaded pin concept is more expensive to fabricate than the simple

taper pin, because of the threads, tops and the need for a separate tapered insert.

SHEET j')
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Threaded patse are# of coarse, more estJeut to da than most othert kiwls of

fasteners and the inserts *)vld have tu be replaced If the Whreads were 0t be

dsamaed.

Assembly time tor the threaded taper pin ti greater tohin that tot the

simple tapered pin beomaue a more precise aligment relationsbip mot be aoekLeve

prior to pin lisertion. On the other hand, dtsassembly shou,14 trequlre lees tim

because the pins aoU be extraiý%ed directly, The simple %per pine fmy have to be

Freed by a p-iler device. finally$, %h etfettlyvenss oa a tapered %broeoded bolt

pArticularly In vtbrattft, is highly queet•mo•sbe,

5.'.l.)~TAM'~I PIN (0LAIM MIR)

Th•ere would be a ellight Increase in flrteatthn %oste for this 4esign

,,, over a almilar joint. type In a steel nase, T'rh d1ifrrpt.,e w*ul4 bo de to a

r relquirement t'•r opecial trillLng proaedures using high spoed, diamlnd isproegsted

" cutting tool*,, un an ex,,vtP%, hilghor fi'eqieney of part ejecttion, Assembly time

" eshould be identoal with 04t rel•ired tor th. steel case applioatton.

" 5.2.12.5 L CKL3TRIP JOIWr'

The lockestrip de#Ign It moderately more expensive to produce tham the

taper pin. Altbiouajh like the taper pin 4esino, it can be produced uting normal

fabrication tolerances, it hoe more surta.es and mure oumplicated surface relation.

ships that necessitate the higher fabrication costa. because or its aelft-ltgmtng

char•steristic*, It requires the least assembly time of all the designs considered,

It the frequency of assembly and 4tesasembly wore to be relatively high, the lok.

strip would be a good design choice. The applitation being onasidered here,

however, would probably not vwrrant. its selection.

5.?..1.P6 LWCMftr (MASS CAR)

As can readily be seen from the dravins, the additional complexity

associated with attaching metal rings to fiberglAse case structure would s*s•a-

i Aft
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U1tdly vontiBtbot1'to Of~ wial of'P~ t~ his doslonI ounfcopt. The assembly time would, or

ools Ima the ,saw as Lhot rto Lite other lckst~rip joint.

I 1. ANMl Y313

Tho dlrl'e (L t'mor~y manho~wu iapucioate4 with t.he actu~al fabrication of

tho varloo#u. )mi~nt r'ing *le.Ign N~neept tend I.u vary nver a rather wide range: From

'440o munhotwoa to Oo milwiours, 'MIN 15 a ratio or bet~ween the costs of the

mont .oji.#wive l.1oilin awit tho le~sat expousive. T'ooling cuato were not included

beoaugo of' %he uno'ewteitnty or &!"~rtizati~on Vactorape h'a it' they head been considered,,

the spre.ad wovali tm e von stotrr Iri tOsigf ooncept. conFrIdered to have the

bihtiout raria'&t ion v'oats wotild alwr r.euiire the. motit expensive tuoling. A more

detalled explanattun of thenee atutetuentas appeara later.

iiuArtVu rxowe(~pILITy (OF 3.U1LINE CASE.
4~taP.NTmIN0 JOINT 0.C':EPTIJ

Joint Iype lartts Fiabrication *Relativp
)Eptimated Manhours Producibi3ity

I, Strtidihl Vin W)0 ,!.65

.. Teper Pin 340 1.00

¾ Tper Pin~, nhreadekl 500 1.471

4. Taper' 1111 ('l~caue) 40 .18

5. Loo-kii~ri1' 380 1.12

6. 14ookstrip (,!lass Came) '700 1-.0

*Based on the e~tablishznent of J1.00 f'or baseline and assigning
this vtedue to the lease expensive design.

SHCTIT
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5.2.1.3.2 REIATIVE ASSEMBLY EASE

The manhours associated with assembly and disassembly functions, althoug

much smaller in magnitude, vary over a range almost as great as that required for

part fabrication. Here the ratio is 1 - 2.26 between the least and the most time

consuming concepts. This could be of real significance if assembly and disassembly

became a frequent occurrence, and in any case is important from the standpoint of

possibly prolonging the field assembly operation.

RELATIVE ASSB4EBLY EASE ASSOCLATED WITH
ENGINE CASE SEGMENTING JOIiTr CONCEPTS

Joint Type Estimated Manhours *Relative

Assembly Dis-Assembly Assembly Ease

1. Straight Pin 7.5 7.0 2.26

2. Taper Pin 4.0 6.0 1.56

3. Taper Pin Threaded 6.7 4.7 1.78

4. Taper Pin (Glass Case.) 4.0 6.0 1.56

5. Lockstrip 3.0 3.4 1.00

6. Lockstrip (Glass Case) 3.0 3.4 1.00

FIGURE 5.P.1-3

* Based on the establishment of 1.00 for baseline, and assigning
this value to the design requiring the least assembly and dis-
assembly time.

5.2.i.3.3 CONCLUSIONS

It can be seen from Figure 5.:.1-2 that the taper pin joint concept

is the easiest to fabricate, and from Figure 5.2.1-3 that the lockstrip Joint

-4 - concept is the easiest to assemble. The lockstrip is somewhat more costly to

fabricate than the taper pin concept, while the latter is about 1 1/2 times more

time consuming to assemble.

SHEET 90
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5.2.1.3.3 (Continued)

There are no doubt severe.1 criteria by which the relative importance of

these different manufacturing operations might be measured. In the absence of

specifin direction in this matter, however, cost was assumed to be the primary

factor. On the basis of cost above, it would be necessary to perform the assembly

and disassembly operation 12 times before installation costs would exceed initial

fabrication costs. Since the operational concept being considered calls for only

8 removals per wing per year after initial emplacement, it would be about 10 years

before assembly costs associated with joint design equaled the initial coat of

joint fabrication.

(
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5.3 BEALfl4O JOINW~

When~ joints must set. uai afri±ient ms~a us wa ell as structurul

members, cortitin t!enerul prun4tice: rlist be f'ollowed~. The follo'wiaie Is a

14oh".k list" which the~ eniineer ea ieIhis de3!i'n devel r et, It o

riot nover me~tal aeoila

(u ) 1,icilin, muterhia shoul]d never "work" fm'in the~ l'wxda pub. inL'

(12rmitu11 the jfjtn

(b' s~heae 1oatd c:~r~l~ci by thc' Iolit shoa'i bypatis tQhe suel ii'

-J(C) RIP I SC tc iC~e 3k-jt.Lk t,- T-110 F-1- UhrIOu]., ChehiCIA1 , 011

p1'est3I3'( Hiirorimert 4s the rec-1 Of' tht- jolo~t. It must Le 1

A~ ) vo i. tin, narro w g:~ u 0h s ~ relI1b LIi Ty is Pý-zr.

fie iab I Li L- I Lie rzitive to preqn., Ie I.fýmA 1reC, t~jj,!1 c~t. 'e 6e1,l which

IL i~ jnroport lollý- to hu~ket. ile:A I. lta jC1a %1&0 ~ ~ ewiCAti tO

I ickneas r-41 to ,tct 81-WiI in Ficrure 7 .- *Thts 11 itive shays the iLnuznum sci.ling

stresm rtjaaure. for a~ eri'k z:i.ý r'-taer .,,s~et tnu~teaiJ. 'Die akirve is& easst.,tilIy

the seiit1',.±9r 41ty 14.0ri~aI, thu ýmnly uif.-cez'rire beine, u v-i-ti cal shi ft.* Fi gure

).3-2 JiiGaCIcteS~ tNe rp~tive !ifle-encesa bvtLween Uftny 44~tel-141a
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6.0 JOINT DISSIGNS FOR ILARGE, SIMENThD, FIIAMEUi WOUND) MOTR CASES

Because their potential is so great, much emphasis Is currently being

placed on developing large segmented rocket motor cases. To realize weight anU

cost savings from the use of fiberglass in such applications, a lightweight

reliable mechanical joint is required. However, the low bearing and shear strength

of resin laminates force the engineer to develop unique joint designs encompassing

metal to fiberglass or even fiberglass to fiberglass laminates, capable of develop-

ing the full strength of the basic fiberglass structure.

6.1 MOTORCASE CONCEPTS CONSIDERED

6.1.1 In this section, joint designs are considered for the two promising
-4

o concepts for segmenting filament wound rocket motor cases, illistrated in~.1

SFigure 6.1.1-I. These are (a) the circumferentially segmented case (or segmented

= concept), and (b) the longitudinally segmented case (or modular concept). The
I-

segmented concept consists of a forward closure, aft closure, and cylindrical
LU

>. center segments connected by lightweight pinned joints. The modular concept is an

. assembly of several modules, composed of filaments oriented on meridional lines,

that form portions of the forward and aft closures and are mechanically fastened

to the forward and aft polar rings. The outer cylinder is of prefabricated hoop

rings or circumferential windings.

6.1.2 SEGMENTED CASE LIGHTWEIGHT JOINT

6.1.2.1 Since mechanically fastened joints are necessarily thicker than the case,

they offer greater restraint to radial growth than does the case. If the joints

are reinforced with steel, tI*- differential growth is further exaggerated by the

contrast in elastic moduli (10.5 x 10 psi for glass va 30 x 106 psi for steel).

To minimize the contrast, use was made of the ebility of the filaments to orient

themselves. If the joint is located at the tangent point of the clusure and the

cylinder, the *'e contour and its filament path can be readily calculated to

SHEE1 '4
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Steel Shims

Helical
Layers

- ----- __ Hoop

Layers

Z, Steel Pin

. . . . . . . . . .... .-..--. ..... ..............

~ - - - Filler

! R[•d1 u,

Ioop

Ra i a
A CLEVIS JOINT FOR FILAMENT 4OUND CASES

FIGURE b.1.2-1
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6,1.2.1 (Cunt'd)

obtain tho radial growth required to eliminate discontinuity forces. The case

growtb can be made to coincide with the joint growth by using the critical angle

principle; that Is, as the wrapping angle exceeds 54 3 /4 degrees, the ratio of

hoop strain to helitual strain decreaseu.

Because rocket motor performance requirements for most applications,

dictate joint locations and winding parameters, the Joint concept developed was

denigned to provide the same radial restraint as the case. Trade studies indicated

the clevis type Joint of Figure 6.1.2-I to be the most efficient concept, The

olevis joint is composed of thin, high strength steel shims, laminated between the

S holical layers of the case with the hoop windings wound outside the joint region.

- It should be ii:ted that the hoop and helical windings are interspersed in the case

S sanrd that the hoop layers terminate at the start of the shims. The interspersion

ol' hoop and helical windings requires an external skirt attachment. A design

Sanalysis of the Joint is provided in the Reference (s.) document.(See b.3).

' . . SKIRT ArrAcHamErN JOIxr
a

• o l.ZJ ' 1. t:xperience has indicated that under the influence of high longitudinal

strain in the cace and comprtasive intrain in th, okirt, a pure resin bond between

akirt and c~ae iu unnatistactory, or at best unreliable. To circumvent this

problem, a concept was developed which uses a layer of elastomeric material between

akirt. and ::ise to reduce shear stresses and improve reliability. This juint is

shown schematically in Figure U.l.2-2. A free body representation of' the effect

of both ..kirt Compression and Case Orowth on the Jotnt is shown on Figure 6.1.2-3.

An unalyiL of such a joint together with a discussion of its fabrication problems

is in•luded in Reference (a.).

AII
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Skirt - L

Bana - N Rubber

S.. Case

ELAMtOMERIC SKIRT A 2TACHMENT

FiGuRE 6.1.2-2

/ 'angent, Line / TangenL Line

E N >A r± -- ~ 4  Ns r9Z . j

SkrtC.mr'.•i, Case Growt

:H/RS PRE,3L, IN AN ELA3TPIC BONL'

FIGURE .1.2'-3
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6.1.3 NODULAR MOTOR CASE CONOPT

6.1.3.1 The two basic elements of the modular oonoept are the uadaeo and the

hoop ring. The modules art preformed and preocured with ali fivers oriented An Ike

longitudinal direction, extlndiAg beyond the tangent linoo t form viUier or both

domes. The domes described by the modules conoist ki only longitVdinal fibers,

hence* their contours must deouribe u "no hoop load dome" which Is disodueedt in

greater detail in the "Dome Analysis" section of Reteranae (at) , The oiroumfe.

rential strength o' the cylindrical section Is aujpliod by ho•p rings which ore

fitted over the asuivnbled modules. Thiee hoop ringa olso oondiit ot precured and

preformed unidirectional Mib.rs.

S6.1.3.1.1 WODULE JOINT (TYPE A)
C

The tension load in the modale is trnn.rorr'd bV, hear ,ito steel 1'0l1

which is integrally wrapped with top module. 'rho roii in turn carri's the load
z
z into a bolted joint conne'cting tho adapter ring (Reference Fidgurr €,,Z.-l), The

O analysis is •u3ically nimilar to that preoented fur the soimened Joint roteronood

in 6.1.2.1

S6.1.3.1.2 MODULE JOINT (rmv B)

Thin light weight clovim joint provides a unique d#Ae1i whioh eliminates

bending and assures strain compatibility at the polu-ir ring equl tu that carried

by the outer plate.

6.1.3.1.j FABRICATION PROBLEM

Steel sheets deuigned to carry bearing loads in the joint areas are

laminated between the glass. Any necessary reinforcement or filler cloths are

added in conjunction with the steel laminates. When loading permits, the skirts

are wrapped as an integral part of a hoop ring instead of using the clastomerlo

bond discusued in 6.1.2.2.1 (Reference Figure 6.1.3-3). The following requir'ements

demand extreme care in laminating the steel with the module"
4

Ut T t'h
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6.1.3.1.3 (Cont'd)

& A. Positive positioning and holding of the foil from winding

through cure.

B. A smooth transition into the Joint maintained to prevent

bridging or winding material.

C. Provisions to guarantee that during the cure cycle, the greater

coefficient of thermal expansion of the foil is recognized and

that steps are taken to minimize the difference.

D. The foil shall be cleaned and primed in order to provide a

bond cepable of carrying large shear loads.

)-
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6.2 ~RECENT STATE 01' THE AP.Tf T I)EVa0pM1N'IS IN THl SIMIT JorNT C ONCEPT

Bu ild ing on ear 11cr tecliio 1 gV , t he 11end ix Corp. on hi Ltud n study ,

the tt. sults of which are presen~ted iv, L id sect Ion, It Is conshidered t vp teAl of

sim ilar offorts conduc ted Vothor so~ir-CUN Z3nd rc(prQ5'zt ~S alltvae III t hu FLAtvt

of t he art of Sh im Joint. CAIOIcet. dove iopmeriLt. Tho in torit i on S Our CL is!- ide uttI

fied by reference h . toge ther with1 re tat td ret'orene C S, a1.11 and I: * 1hougti

i. or paragraph 63..

6L1, ABSTRACT

Tbhis paper descr ibes a shimointcncp that was developed Lo

improve thle efficiency of joints !or attaIch Lng to compoSIte miat-er ia . structural

mc.-ibecrsF. I'he shim j oint. conicep t ro in f orce s L. 1112 composiLt, ma t r atI In thOe ro$Jofl

of the joint with thin metatll [Ic:aye!rs Which permi~its emp loving a convent ioial

slhear pin joint bkA wLeen Othe (701pos it. members and a matilng .tn Dus Ign

par amneters are de C ined andI des ign da taare es t at, I i shted Inp rOvcd 17e3thods tor

fa~r icat j ni' the re infor cedi tube, endh,; and improved testinug t ix lures are' dIOVeloped.

An advance, opt im i za tion t-echin bIMe his be en aipp 1! cd Inl 'ilt hed I n the Shla:

joints . i1t is shown that desi ::,n para,.motetrs can be Opt OnI iZed coiv'ntont.1y bly Lthe

s truc tir'r s ynL1hL!SI, ;P is pr oac Ii in1 dc termin ng Lth e cýýi aimu inLIWt i glt c iL Len ~ra L ion TheI i

resuSIIt S ; d .ict L a t th11e shImIL !I jC)int1 councept2 ) @a b ,e s IIo e(.s st 1 y ap I) p d tko

compus it;o v.nbr s it o it proHI hi tiye ait tac hruent We ig ht penial ti o s

f). 2 .1 . 1. 1 N'ROIM'CTFOLN

It has ')UL dleterm ined Lthat Stmuc Ltural tube~ks L atr icat ed ()I. kompos Ite

miaterials would he l ighter thani tulbes riade f rom morc convent.ional mater La]s sLuch

as steel, alumdinum, or titanium alloys. htowever, * ven though structural. eur

can be !made' 1.ligher with compos ite matterials, than with the rnoro cotmiion iiieta I

al loys , tho weight. of re in~orc ing eotnposi to tub~e ends4 and joinilig them to ernn

t. t ttng uil i 11pose penalIt ius. As a re skiIt , t hQ s igni ficant we ight, saving

potential of composite materials may tend to be ortset sumewliat by the weight
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IIto C 14# S4itrV (I I 011itt'l t Ii II L e tk'v d I (111.1ilt I.) 1 iliIIII11iA I tt' Ai rte I' t iva I k'tttmpu tftitcu and r'oquiro

I orn t I et. Ion tit ~iv'q tI l Cln c Ii ' lo to I vt. Il 10 M AI I Is I III, ln iquos

ihe dIiveI,011 wil tit t e'I j t SI t ill ' C01ttp04 i e N.to C 1i L I I t rteI itrla1 Il memberH

IltS II'Voll N~l It oI d h\\ A'it I VI i b .u uu t'r (11 ilItV's li tti tors M ~os t (A Olt- pryIV US

v , i 1,1ý t 1ri 1~ ihV1 lel Coll I I notd 1 0 0 I tlour liondtvd III utteluan IQO"' I Jo 111tt 11)wuvcr both

Q tLas on ve~ s- uti I tn L t it.ns1

Tl.t s polwrI thst' at 1111" 11 sht hi o I ti. cun, cpt w I (I It I In Iý Id r a 1, v r ed u rttea

t.Ia .v ; I Liol: i Ieat I Id I fil r'OV, At L o 11 1 1 1 c I en v t f lit, 10 it Ill. I ho has ic geometry

1 Lit ! V Irt I j 1)111tC i H 1 F%' S,, II I, u 'g i' e.21 )1- o. I lIt st I Ii i~iIay tr s a rI o f u nI fo rim

I.1 iC1I1114-8 I41d I') ) t4Int I OlpItt 1h 11 th I lutItng I tIld I atil I d I r' 0 ion. 'ih Oil~o t tub

* end iN ýWjalI'aktcod hAnt o setat I ~iv*ver, aind bondod, to i-, : i 111 m Iaoters hY .in adlesiveý

4

A sl i, I I~ I, ictiam I rtI I. Io I row i o 1 vonIInt I ,enIa I sIe vat ypI1 n Is iN ts oj t o t ran&;f or Ioaid s

C I-011 Lli.- C U11t`10 I LO tlbe1  tr o ig It ii i v,' i t r 1 L Ma L~ fo ing 1,:ir 1

2usL o1 I it' ltI'ormfa t. I i 'r5ft. IL I'll'~ t(.'re I ors Lo ihrlas

COttpos Lt Lial,%. oh LIted LO0 ILVI. I I I.-tiI .~a II V.V , I' L c-~ h I I L.t e nt r -

pret cd asý4 it Lo Iii mt at toti ot Ht. sid i i o I Ii concept.

it, * (pflls, I t.( viator i.1 I i~sid to ONLsOi) I i Sh de.Signl data eonslis ted ol

AF-9'.'# P, lassII I alnen'it and S~it, I I (hotecie~ I tompany 'N s 5- ')SK rs in systviin. The

shi!!l rvaitr 1 ii was V11-31:55 t (oiiIL ima~tt tetsi I I sL rcngtlt .Juo P.,)

6 . L AINAL.Y I S )F' Xi'A(iiI lE*NI' AREA

Anta I YslIs o f tI It ci onI gur a L I o ini I ioi o 6£. - I roiu]I t ed I n an

OX tnlS I VO li St.: of totnt Li aIdus i g pta raute LLr.4 . tost o~ tIi e g e ornoct r j v ar binbl1evs

are de 1 Itttd Iit I Igterg I . .1 r A comple)t I: i stLin g )It, o m ~ nt r v v Ir ables IN

Presiit.-lt~k be Low.

.-1 1-- d iS taIC I rom 1) in row ceut Ior i. ne t) o the~ end

1) (D u)= utsi~L! ( inside) tube diameter

P () ) ouitside (iaI8ide) Lube diameoter i n attacitmont area

3~-l [!0 141 F 8

L ~ - ~ .-. and



NUMBER D2-125911-1
TaCOMPANV 

REV LTR

I --. -L Composi te

a.. --- Circum ferential

tsD
a F WFI e p

DiW ra p I e

SDp "-Shim

APAp

iFiguro A' .

U3 4802 1433 REV. 6/65SHE



NUMBER 2-12591 I-I
RFV OR

1) op(D V, outs ide (inside) pin d iaum,ýtvr

= distance from pin row conLtrl tWu to back edge of shims

L. = total, length of relntiorcod attachment area (I. + LJt

1, length of reinforcing ringF

1. - Iongitud inal lengLh of metall Ic shim laver (, + a)
s

Ii wall thickness transiLion ,one
t

ii•N =number of f Llafnent layers in tube wa.1 that do not extend
C

into the attaclmen t area

IN p number o) pins alIong the tube c ircu'.irfere.nce

"N = number (,f metall 1c shim layers

t thickness of the adhesivc la\t r joining the meLall ic shim
a

to the composite material

t thickness of composito layers which do not extend between

shimns

t =thickMoSS O omttOlpos i e lavers between shim~s

t maximum thickness OF tie transition length circumferential
r

ruijiforcing, rings

t thickness o1 motall]ik sLVim .layers5

circumferential distance beLween pin centerlines

AnA th-, material weight dmensities are denoted in the design procedure

as follows:

cdensity of the composite material

a densitv of thIe adhesivu material

f = L'11 density of th e filler material

S, Lenslty of. the pin material

density oI the metallic shimi materials

iechanical. ta.-tners in slim: reinforced composite materials produlce

much the samie failure modt, as In metals. The following analysis considers tnose

potential failure modes resulting from axial tension loads on the joint. Net

v 1 400? 14 14 F F A-4 5
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area t ensll faillure, pin hole bearing fai[lure, hoop tension failurevshear bearing

tear-ouL fallurt, and pin shear Callure can all be produced by vari.•tton of design

parameter.s. Failure can also occur due to excessive shear in the bend joint

between the shim an( the composite material, or by delamiunation Of the fibrous

layers in thO tube waill thickness transqtlon length.

6.2. L. 2.1 NE'T ARIý\ TENS ION

Joint failure may' occur in tension along the pin row centerline if

the net tension area becomes suftLciently small. "I'he ultimate strength of the

net tension area depends onL the ducLility of the metallic shim material when a

low clastic modul.s composiLe Is used. The composite material in the net tension

area can support high stress i the shiLm can be strained sufficiently. For this

reason, the combined steeel and composite areas were utilized in calculating the

net tension area stress.

Sop C-' t (2--I) ____ - . 0(6N -*- ,s (1).

/

u where 1 .N . ThIe ult" 'naote tension load i s given by:

I" NIK LF (2)tilt Np tuAt tu

where t, is the ultimate tensile efficiency factor and F is the ultimatetu tu

teOnsLie strength of the metal.

The ailowable tensile stress is a function of the L) /1.: ratio as inop

lug strength study. ilat plate t.ests were conducted to determine tensile allow-

a bles and resutlts aro presented in :;'aragraph 6 .2.21.3 of this paper

6. :.1.2.2 fiIN hi(Il.E BEARING

lest resol t s hdav i diCated titat tearingl failur-, of Shim., re inforced

cortposites normally occurs as a rCSL. lt of IIK. tvhuIiilng. Buurkling strength is a

function of individual shivi tCickness, t , and the unsupported metal span length,

RHEVT t4 1
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l)oi Tie hearing allowables are presented in Paragraph 6.2-.1.3 of this papeor as

a function or thle ratio D) op t s. The allowable pin bearing area and the ultimate

tension load are:

Abr Ns tSoD0p ([3)

P Ult N K brA brp"tL (4)

where Kbris tile bearing eff icinccv factor

Since the f~al Rico nmode is actually one of stabilitly, the degree of

restraint (1111 to C a~mp ing mnust also be considered in establishing allowabies

for Lids failure modet-. A joAint whdich is tight.] cilamped byv a threaded nut on tile

pinl %,ill produce imuchi hiiiger bear lug stresses t ban an i dnLi cal joint w~hic II is

not c lamped or rc-Strai ned. Clampltag, Of tile fiýat plate tests were adjusted to

: 1duplicate that expe.cteOd ill tilt, composite tubelitoIicn

* 6.2.1 .).3 HUOP TENIS I'0 N

1Hoop tt.'Il5iOn can occur vhlico the pin row is n lactod too cio C.to the

tili en . r 1f rt e r. CL i 011, I coril T)0S1 i Ltt p) 1 It's tOS tesi trn.l i te glass

ep)oxy systenm is 01 teI low inH tiht tr121!! 5ccr ste direct i ns , Lctherfore , the' C *,pos to

ma ter ial was not consisIdered to ,- tCfc L iv lin ransmi itt irig 1hoop stress ducring tile

estahi ishz-ent oi. a~lo.iwables. irýtt tr tL:'tiiic, could b~e rc.quir 1.! to estab] i sit

a] lo`LvIaL] fsoIr at taicimncnS %,7jiCijI TLjorporilLe. ulies orit'ii:etJ a, Iin anglec to the

1lemi~'r axis. 111,- ab lo-w~ibl) ' i s tit' i tit, Ill tki!i tfl t. s:,i-i plttCrt.- l ulI t i!¾la!eC

t~ns.,i It s t regt Igt an is a I-u rict i on ocf t it', iDu11, r at io. 11Lt 11otQj tensto-n area

is Oiven by the 2]b.i . xpressionl:

t( S

T;t. 0 It i iia~c It I d tI- c IilL jL) ~ i

P -N F' Ac
tilt 11 lit It t u

L 4POI '41ý4 I
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wwI~r- K lit, f . u ~i o i tl~ne% ijitor, turt~r explained In Paragraph

I .2.i..4 SHEAR 11EARINL;

V'ast vxperionce with ]up design would indicate that. shear hearing

INiturv could also occur if the Pill row is placed too close to the end. There

weri. no clearl Iv dc ined occ.urvoncL-s of shear bear ing, failitre, during the flat plate

Lost surivs oi this study. It has been suggvsted that the tubular members may

bo mure suscopt I i . to *Shlar bearing fal [ures since Lhe tubu lar geometry possesses

11oh.e Latural %.,on st rin tts than t~hL fl at plate specimens. Only tubular test data

can alscrt.a 'in tti s tact.

To dvsign a bondt-ýi shim, joint for ultimate loading, it was necessary

t~l list. vL g shua;r s trU11n4 LI all owahkes from flat plate tests. Thu shim area

which was cons iticred LO 1)(. effect lye in bond is shown in Figure 6.2.1-2 to be a

funct ion of' bot h a and ,. An. eI t ctfvce bond length el was defined by dividing

the sha,!Qd hond area byv tho width, W.

W ~.+ a) - N (a IJ +- D)

T[he lit fimate Load for a shiin jo mt is given by

P 1,14A F (8)

%-)rt A i 14, :mU P is the a.t 1 ,noibit sea r trcss ci e& ineta in terms of t he

ef f ct b'e bond length

6.12 .1. 2.6 WALL. TH I.CKINESS TRANS ITION ZONE

Irrum a weight. standpoint, it is desirable to make the transition

lun,%th0 as short. as posstllflc. As thc transition length becomes shorter, however,

( ~the radial force component which Leads to separate the f~ibrous layers (delaminate)

at the base of the transition length becomes greater. These radial forces create

1)3 4P,01 Ad 34 fi l, S..6
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w iih I v t I % t im I 11111 , '441 's4 1 f t I I I It t - %iti I filet11 fit% 1- 1 p~i ll 111 I 4'k I i ll 1.1 1t~ Ito~ ~J ~ p

1.% li~t I i'twumi'rnv 11% 1t hitii I t loa ~ W.1%i d~ew I Vvl 1,% WNl I lit, it I iIn ft lomflt'

ntwov of oUu4Wi .imi %pr It ilitm I I ti.' t I o1%.,Itw 4 Il t in' rI'%,%I ft ir 'ti rv I~ itti 'r~ k~ I l~ nu rI m t

II

~Iit~r I' I~ Lhu r~ ~lit% i t fur' I' Ih i~tt.' i'a I.yv ,1 f L Aio i

whitiev V i.~tot l ivi l av it' l fotuth %-i' tit tl V vitu~ lavvr , ' i.tak I t 11 L10 AI W itrIukii

rwSh I i I ro vli tlit, vx tar o v d i %it 'ut~t diii v' ti lv ~h'tit luii lo rdh..' i aft jift m uqul rt.'011 ip ly

th~i t, hii .'r o I i N % r~ - . Hof t I t 1¾'d u I i' tlu i d 141ii y it liti Ia t .v v ~ sabi llkI th Iro 's it

It

Thl ' it t'* phis g~~i o l twd'ý I'~ i~t J .im 1, v u 414 oa I, s luiq Ov 8 l nit' 1 tH 1. ft, " [iI'l lyit

or Illit.'P I %,: e Ilt 1,%i t Ilm f t'd1 ill' Lit It I' ft ti d It, I tit its ptwov rt .4.d "' pf n s ia.r1iut A

waiLrt All Is Ct ho. INII aro n-i ild r I.m the u 11, huiti, NhShouir f sert~l'.'lw of thv, pin

* 2 .1 .11 AV PLATE' TE~STS

SThe f lat pldati tutit Mpi l~inen ftjigurc o .2.1--4) was~ developed Lo

en4Th fte 1LpH1.I I \ de LLrmimit iot of ilt imate strength dosigx al lowab] es for the

\'4riou"1 ItaIluie modes tit a shimi joint. Thti protetitee of frev edges on the sides

of thV that plaite configurationi pri'vurits OXaCt simulation of the tubular jo-int,

-I 4110" t A 4 I~F 9
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,,kt it 11, 11 11 I t 1.' gI'0 441iU~i I 1,1 . i tt 14 1.1 , %al-1

Il 1tat platB 1, "ps w% it 14x,. I lit t. Iiit % t tild% Is, th.'N Jti~M'~wetho by

F 1 -,i re it F .yk 0. o..' 111 11 v4 U.0 t o I . I Poll I ýiI a~'~ wort, kisvoil Ili eouch l t he

I lilt, p1)1it1L sptvc L ,ia , uttiii.,i iN, bu a i ur mJtcr tit Is worv 4' it( I kded lit \'dT) i ng quain t iWXtu

to 1 prouct I aeotit II it r md o s wh i c I wtre, 1' NtnLrost. . Thc c' pus1voi mator lal was

comipt'Hod of fi,'i pe'rc ent gli ts , by \-%Iltine andl h pL' rev t r i~n * Tho W d 1nieflNion

Was f Ix.% it L 1 .1) inch. Also t.0I8 LS nu t Icidl1-Q dulling L li MtkiitV h~a'e included 01nly

loI it Ud .1 urn I' i ur S betIWOc'C' r h sh l s iýr t hr test hug wil hIIe roqu i ud to~ de Lur-

wmlue *Ieslgr al lowables b'r s1litm Joints Iin .1 winntL's havi ng flooers orionted at ant

angie. to tht, load ing HI rf.tLiun.

Tho spec i;L'ns wort. hiudedi by a p in throughl the shim joint and by a

11ICrS 11 cingipOn UhC' oppo)site, end. Tl ie shirn pack was cl amped l ight ly during r he

te~t Lto s.illl'iLte Hie ClImfp tug actA1 iot'ceLdfrumi a nictalI [ tL t11 matL i.n g w ithI

I.he, rein u rced L~t. urlcd . lThu spt-t-0m111ts W~o ltoaded to ruptu. re Lo ob)t a in

L I~i~i lItL SLrQ1'1th dk-Sifl J A.1AI wbII eS.

The not area tension data is shown in Figure 6.z. I-'ý. '11Le calcu tated

Stress valucs weIrLIIvMe by thu ull tiiý,atu tensile streýngthi ol Lie shim materialI

to form the net tension efl'iic eicy v Iact or, K A me(an a v iecurve Is shown

supr rpiedon thec tust data. Tie moan al lowahi v is dclfimed in termis of

/.) by the' txpressiin:

Kt79.33 GOi

14 3.715 -100 1) 1w

which was used in the net tension area failure envelope in the dusign.

Data points denoted as "lower bound" values arise from tests in

( which failurp ou curred either in a diffe-rent mode, or in a combination of modes

which julinc bdd the one of interest.

Ui 3 POt 1414 ME V 6-.
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Figure I.2.1-( sIios ýi h t lat pla'., pin bearilg strengti data platted

versus the i 'Lt ratio. h r h r u IiftitmtL , a tr,-ss values have been dividedUp s

by the uilima1tv tensil c strength of Ltit, siIn maLaItri. to form the pin bearing

cif ie jncy factor, K I. "''0e curve was derived erperically and Is; detined by

Kbr ý 3.0 - 123.8 (12)
107-D /L

op

IFquation 12 was used as the pin bearing failurL' envelope in the optimum design

procedurc.

Pin bearing failure is of special interc-.st btcausc it is more ductile

than other failure modes. W'hen structural members are fabricated from brittle

materials such as fiber glass, it may be desirable to design the assembly such

that initil. failure occurs in the attachment by pin bearing to avoid catastrophic

fal lure of the assembly.

-.2.1.3.-3 HOOP TENSION

C The hoop tension test results are plotted in Figure 6.2. 1-7 as a

function of the a/Di ratio. Again a mean allowable curve has been derived to
op

fit the Lest data. The mean allowable curve is obtained by

• . : 3.173 (13)hit
t a/D + 0.b5

op

which was used as the hoop tcnsiun failure envelope in the doesign procedure.

6.2.1. B4 BO140

The uffectlve length o[ bone' for flat plates, i , was dcfined in

terms ot both "'" and "a" by

S(i + a) - a 71 - i D (14)e op up

Figure 6.2.1-8 shows the test data plctLed versus the effective

I. 9 4 02 1 ASA 14 F B6 a 
-~ 
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1 . langth. Tho solld line furvy ropro•entA thth bond ,itaong•Lh of thu Air-It (1IM

CorporatLon) adhsiwve tapo, and tha dawhed lint vurvo mhoww thw bond Sltranoth

for the BR-1009-49 tack primor (Arivlcenn Cyanilmld Corporation), An allabralc

equation was derived to fit the AF-11I shear strongth, T'hu curvo too duflned hy

f, 5130ti )

+ 1.,95

where f Is the average adhesive she.ar stress,S

'The AF-1li adhesive tilm produces thicker adhesive layer than tho

BR-1009-49 tack primer. It can be shown (Reterence b, pp. 10-12, pp. 75-87) IhAt

thicker adhesive layer does redL1cV the shear stresd concentration factor.

6.2.1.3.5 TR'ANST'ION 'ZONE
z

Two flaL plate speciments were fabricated without the exceSS trans-

verse fiber glass laver to study the delamination failure mode in tile thickness

transition zone. The specimens did fall by dolamination as expected, and the

data were used to establish allowable stress level in the circumferential,

reinforcing ring, design procedure.

6.2.1.4 CPTDII M ,-.I )DESI,,N

A feasible design is onL- that behaves satisfactorily under the

specified conditions. In general, it is possible to find more than one feasible

shin joint design for a given composite tube. If one of the design features is

taken as the design objective, it is possible to find a feasible design which is

most favorable as judged by the design objective. In the present study, weight

was cflosen as tihe design objective.

6.2.1.4.1 DESI;N CONSTRAINMS

A slhim joint is considered teasible if it satisfies the following

design constraints:

1. Net section tension:

us i1dot f494 5' 111-41

u fl~riT
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(1) It t N

11 1) kil i

N W u 14 it li t i l4i

p 4 (19)t04 %

tJ D' I 4

(~~. 
7i

171.8u uHl t(U I

-2 oIbJjkiXIVLE iUCT IUN

To wrt I tl;L-I objoctLv't- func~tiOi LI Wiight t Ofa:I eji.iJint~ componlent

Is expressed it, tLurms oft he dusign vatriable's.

1. 'i~bor glass COM)rnO~iLe!

2j) 2 2o U *N

-N t c 0 2 L(22)
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U3b 4001 1434 R N V 4-$



NUMBER DR-125911-1
, 4'4f4REV TR

S" I 1K 1 | II ~

w -N L (N + D' N 03)
14 2 4 op p 9

J, tore wrap rIng:

Wr 111'. + D I Lrj•Wi (24)

4. F'11w~r
I• ,i t,r

(f) ( nj + 'N ,n-t (t + 2 t )

J IJ

+ N (t + t )+ z (26)

whoro 4 IN the pin 1-,,hth rvclulrod outt ,,, I shtm paek to uonnet. tho mating

" f 1%:* t 'U ,

As a strucLural memler, Ohu total lougth of the cormpousit tube Is

f I xd. A\n ia'rvuau in thc joint I•'nth uaLurally causes a decrvwMe in the uniform

se,"tiou portion of th'O compositt, tube. Cunsoquently, the increase of weight due

to Ionier Joint buewth Is partially compensated by a shorter basic tube section.

Since the joint lnnth is a design parameter, the total joint weight does not

retlect the additonal weight superimposed to the tuba,

For this reason the shin Joint objective function is defined as:

W W Nf + w + Wr + w f + w p

" ()2 - DI) LWf8 (27)
4 o

which is the weight added to the structural member by the attachment.

SHEET
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2.1~ OPTIMUM1 D11.9 I fN

Now thu donign problvin may bv' wtatuvd mot to Chdu thu minhimm of

oqufltion 27 HU11JOctsd to 010 QUIdit ion of wiutIAiOns Ili Lbrouih 21, Thom r Vo

nitrbbr of d ir.ect I y a ppliicmb Iu iAt I matL W A me I wihoswf or cth so lut bto ot tIi a

type problem. Tho inothod oveetod Wi Lhi study wits the atuoepst duvot The

n*L attachriont WutghtL WM tab'ii ats the' objactive lunction knd thu onditionm

I*tquations 16 tu 21 worol Lrollknd a& constraints. Thon tho objectiva function warn

Miiitrtzd undvr the' constraints.

Itic niulhod usod is i% dvs,:ent routline i tarting with an Initial

function is Improved. 'rie ~t-WALt.ion procvsw contnuvt4 until a mininmum is reached.

(Roferecnu b,,p. 95)

4 'i'~ho proc.vduro doscribod ab.ove hns boon proKramnmod in rort~ran IV to

fori,, a basic. opt imixation rout ine. Thi:- rout~ineu haii beel 14UCCOSSfully umed for

numorouti de.stign probtems. * Vhn app Ilid to the dvs I ;n of shim j1ointts, the Input

consists ui

t IL : Lirib.or of dos ig~n param1Leur , number of .constralniuts

2. L.imit otf traIie V e

3. initial sto length.

4. Tolvranci' raiige for vnch constraint.

5. Applied load.

(b. luibe geometry.

7. 'Mechanical properties of materials.

8. DUsign constraints.

9. Initial design parameters.

10. Optimal informfation.

WC allowable stress Is expressed as a function of design parameters,

it is convenient to incorporate allowable stress expressions in the pregraim.

The program output consists oi:

1. D~esign param~eter.

SHEEI c- -
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2, !ntormatiton v'one•t'lnM any vliolaton of %:onmtratntp,

Dil~rmotion of iowvomont.

4, WPthto ofonclh Ahtm Joint cnmponotit.

5, Vahuo of thu obJ¢,,etl\v flluntion.

'The progranm wus % t'cULd on itill ,I :360/44 compuLtr. Artificial

costrtintrs may blt addod to improve convorgvnc:. For oxampl, , the minimum

practical values of a, t and t r may be treatod as artificial constraints. For

mix dutlgn variubhius and vleven eonstraintw (including artt1fcial constraints

for QOnveniv'ntce) tho averago running tllnt was five to six minutes. It was observed

that tkiually ato or twenty-flve Iterations thii. vwrtation ot objective tunction was

in the urder oa one thousandth of a pound. It was also observed that different

;i ,sets of rvasonJhble Initial conditions all lead to practically identical objective

:unctJ.on and design paramutcrs. For all. practical, purpose the objective function

-olbained in twenty-fivo Iterations may be taken as the minimum and the corres-

C- ponding design parameters the optimum design.

o 6.2.1.4.4 EXIMPLE
U.

"I'The opt. ImIzat ion procodurk' was used to design the tubular joint for

the fiual str'uctural tcst of this program. Thi design allowable expressions

obtained from the flat plate data were used in the constraint equations 16 through

21. The design was performed with the following parameters fixed:

DO 3.0 In. D 2.928 In.

Do = 3.095 In. D1 - 2.833 In.
oj ijI) /D. 0 .8

D op ip

F = 260 ksi F = 110 ksitu su

t = 0.009 In. t = 0.0O0 In.
a c

w = 0.074 Lb./In.

w = 0.283 Lb./In. = 0.040 Lb.!In.

LP3 48021 434 *V 6-6
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N -- 5.0 N 2.0s c

11 = 150 kult

With exception of N (number of pins), the remaining design parameters were

p
allowed to vary in the optimization routine.

The routine does not handle discrete variables and it was impractical

to treat N as a continuousvariable. To determine the optimum number of pins,p

the number of N was varied in consecutive runs having otherwise identical input.p

The resulting joint designs are shown in Table I. The table includes both, a)

the weight added to the basic tube by the reinforcement and pins(objective function

and b) the total weight of the joint section. The pins were considered to be

hollow and made from 180 ksi ultimate tensile strength1 steel.

The objective function is plotted as a function of N in Figure
p

6.2.-9. As the plot indicates, the eleven pin configuration is clearly the
z

optimum one for the specified problem.

u.' 6.2.1.4.5 EFFICIENCY OF THE SHIM JOINT CONCEPT

A comparison can be made by studying a composite tube having shim

joints with tubes of other materials designed to meet the same loading requirement.

In Figure 6.2.1-10 the weights of constant strength tubes have been plotted

versus tube length. The metal tubes are assumed to have identical strength in

tension and compression. Nwo curves are shown to reflect the different tensile

and compressive strengths of 5,0o:1,900 fiber glass. Thin wall buckling and

column buckling are not considered. The fiber glass tube weights include 0.7

pound to reflect the weight added to both ends of the tube by the minimum weight

eleven pin attachment of the previous se;tiorv.

Lxamination of figuro 6.2:1-10 reveals that for design governed by

tensile strength, fiber glass tubes are more efficient than aluminum for tube

( length of 5.U inches or larger and lighter than steel or titanium for tube length$

exceeding 7.5 Inches. If compressive strength governs the tube design, fiber

SHEET
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glass is more efficient than aluminum for lengths greater than 6.5 inches, and

lighter than steel or titanium tube lengths exceeding 12.0 inches.

6.2.1.5 MATERIALS AND FABRICATION

Materials

The filament composite materials employed in this study consisted

of AF-994 glass filaments and Shell Chremical Company's 58--68R resin system.

The metal shim was made of AM-335 steel coil, eight inches wide,

0.02 inch thick, and of continuous length. '1Ti,,t shim cleaning procedure employed

was originally developed and reported in Reference e.

Thee bond between the corrosion resistant steel shims and the filament

composite material was provided by a structural adhesive. Two types of adhesives

were evaluated. The first was BR-1009-449 tack primer as supflied by the American

Cyanimid Corporation, and the second was AF-Ill s: r .,'fral adhesive fiber furnished

by the 3M Corporation. BR-1009-49 tack primer was utilized during the early phase

of the program. A primer coating of uniform thickness of approximately 0.005 inch

was obtained, and was oven cured for oO rrinutes at 31501F. AF-Ill structural film

was utilized during the later phase of the program. The. adhesive film was applied

to the steel shim and stored at 40°1. until ready for use.

Holes were drilled through the fiber-resin-shim-composite to permit

insertion ol shear pins. Carbide-tipped or full carbide drills were used. Hol es,

larger than 0.250 incit diameter can be drilled in successive steps of approxiv'ately

0.375 inch dLiameter inicrease per step.

b.2, 1.5.1 IFLAT PLATE SPECIMENS

The flat plate filadreut composite specimens utilized in this program

were specially wound on a winding machine. The test sputimens were wound over

twelve-inch by two-inch aluminum maudrels.

i~(
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" ~Guide blocks were provided on one end of the mandrels to facilitate

Slocating the metal shims as they were wound into the ends of the specimens. Two

specimens were wound simultaneously by utilizing both sides of the mandrel. The

wrapped mandrels were then cured for four hours at 350'F. The specimens were

removed from the mandrel by cutting the glass composite along the edges with a high

speed cutting disk. The sides and ends were trimmed with a hand saw and flat plate

disk sander.

6.2.1.5.2 TUBLS

Open end cylinders were fabricatud two at a time by winding a double

length cylinder and then cutting it Into two cylinders. The cylinders were wound

over randrels machined from salt block which was later removed by dissolving in hot

water. Thin corrosion resisLant 'steel shims, in c.he form of narrow circumferential

bands, were wound into the cylinders on each side of the planned cut which would

separate the two cylinders. Subsequent to removal of the salt mandrel, a circum-

ferential row of holes was drilled through the wall of each cylinder in the shim

area fur later insertion of shear pins.

b. 2. 1 . t STRUCTURiAL TEST

6.2. 1.6 .1 Tl'ES' IXTURES

Lltiiate strength testiný of the final tubular joint design required

the Ialyricatiou of two separate test fixtures. One fixture is a A:levis-type

whicl, mates with the reinforced attach!lent area of tIe, tui) to form the pin joint.

'the f'ixture was fabricated in two pieces to avoid the expensive machining which

would be required by a monolithic assenbly. The two pieces werte held tightly

ito$ether by a nut during drilling of the pin holes. The nut was used to insure that

equal loads would be applied to the pIns on the inside and outside diameter of the

tihe

he second test fixture (P.eference b. pp 97-100) held the opposite

-- end of the tubular specimen which was reinforceJ only by four additional layers of

filament material. The fixture employed a friction gripping technique. A schemati

V S 0 I~5 1404 1. 1
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of the fixture is shown in Figure 6.2.1-1i.

6.2.1,6.2 TENSION TEST OF TUBULAR JOINT

A 3.0 inch outside diameter tube was fabricated with steel reinforcedend to test

the shim joint concept in a full scale structural member. The test specimen was

designed to fall in th- attachment area since the program is oriented to refive-

Ment of shim Joint design technology. The basic tube was fabricated with a 5,0:

1,90' wrap pattern to a wall thickness of 0.072 inches. The ultimate tensile load

for the tube was found to be 150 kips (Reference c, pp 2-19). The specimen was

loaded in an Olsen Machine to an ultimate tension load of 135.5 kips. Fracture

occurred in the outer fiber glass layer at the edge of the outside shim. It is

felt that both the test fixtures and the shim joint did perform well.

Zo 6.2.1.6.3 COMPRESSION TEST OF TUBIULAR JOINT

The tension clevis fixture and the jacket of the friction grip fixture

"was used to conduct the compression test. A cerrobend plug was cast to reinforce

. the inside diameter of the tionreinforced tube end. The test specimen was identical

to the tension specimen. The ultimate compressive load for the tube was fouhd

• to be about 51.( kips. The attachment area suffered no discernible damage.

b.2.1.7 CONCLU!SIoNS

T'be following conclusions may be made:

1. Design parameters can be optimized conveniently by the structural

synthesis approach in determining the minimum weight configuration.

2. The shin joint concept can be successfully applied to composite

members without prohibitive attachment weight penalties.
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. ,' Tiue o•,S1 Of is •el MY110e9. I fos tar vIehI014 a otPura'i2 I•AIoe SUA4Lse

oaa- provide tbe designer with vratlble inteoration an proposed de•lip ear2Y Mn

their develome~nt oyle. I their usýe structural modt,.%ootins #Ad paW3.old

oLtane ". oan •e %ia.luated vithout expenai',e full-scale oonatr'uotion and t4beatin

particularlý for the laxge, oomplex vehicll.

T10. 3amition dircustes the I/IQ scale struotural replica of the Apo /

8atrn V and is inteuded to provide lesigners with some inoidbt to the oomPromste ,

which oan dictate 12viationa Wim trua replica reproduction In t ke area ot missile

Joints.

The decision to provide a soaled-dovn replias of the prototye joint,

or to 3imulate it 'by its dymmic and d.apanini equialent is dictatel by the

- following consideratdLons:

a a. Present fabr'leation praticesa and linitations.

. tb. Access rejuiremeit•o uni.que to the ;model.

a. Assembly problers3 ereatsd '.)y the size rliu.tion.

d, Requirement for equivalent 4y'umic properties.

e. Fabr&c• tion properties of alternative alloys.

f. Size of scaled-lown fastener components.

g E !conomio alternatives of simulation vs scale duplication of the

joint.

7•Li Stru,-tural Joints

7.1.2 The joint illtstration in 7iu--e 7.1-2-1 is typical of a design vair-

ation required to permit assembly of the structural components. This joint depicts

the S-IV-B aft-bulkhead-common-bulkhead Joint. In full scale (Figure 7.1l-JI,

the fabrication is by rivets and velis. The 1/10 soale model permits the final

closure to be tfteatesd externally. The bulkhead structure near the joiznt was

~HELT
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( locaXlly modified by adding a relatively heavy adapter ring to whieh the bulkhead

was riveted. This ring was then bolted to the skin fx 'm the outside and a b'e0d

of sealant compound 4plied at the intersection of the common bulkhead and the

LH2 tank wall. The resultant Joinr therefore, is not a true representation of

the Pill-scale comnponent.

7.1.3 An indication of the degree to which the prototype is duplicated is

indicated by examination of the joints of Figure 7.1'.3.2 The location of the

joints detailed in this Figure is shown on Figure 7.1.3-1 by the lettered circles

on the left side of the model irawind. The Joints of Figure 7.1.3-2 ct-ry corre-

sponding letter identifications,
-j

S7.1.3.1 Figure 7,l.3-2a is the Junction of the S-IC fual tank aend the intertAnk
-J

3eOtion. The ful-tank upper bulkhead, the fuel tank wall, and the intertank

X
Z section are joined by a Y-ring osoeembly. There ea.ists a 'devLation from replica

a scaling in that one leg of the Y-rinZ is atýached by a bolted flange to allow

Saccess to the intertank interior areas, The izitertank 'i-ring connection is ,An

unusual joint, made necessary by the complex corrugatei intertank skin, and con-

sists o.. channeled strips attached asltruatesi* to the inside and outside surfaces

of the Y-rIng leg irom the corru6ated intertank surf'ace.

A similxr Joint (Fijure 7.l.$-b) is used at the intersection of the

lwor LOX tank-bulkheai-LOX-tauk-wall and intertank structure. This joint, however

is closed by a weld rather than by the bolted flinge connection. At the junction

of the S-IC tOX tank upper bulkhead and tank-wall- forward-skirt interface shomn

in Figure 7.1*.-2c, a variation was utilized in ýhe model structure. In order

to complete the final weld in the joint, the Y-ring -as fabricated in two pieces

and the shorter leg was spotvelded to the locally thickened forward-skirt skin.

SThe closure was then effected by un external weld. The resultant hardwire has the

3 SHE 1 t3 V-sS-- - Il 4 • J I -, I . I-"L ---- j



_ ~ c .004 .-

nmWAR

Pare~imp. 1, 3-

-. m 7.,0

US~ ~ ~ lot11 lao6 I

I. - -;



NUMBER V*LI
dw WA A COMPANYli REV OTR

7.1.3-1- (Continued.)

eam a basic dimnensionalJ properties as would have resu~lt~ed from direct ge ometrto

7.1l,3-2 The model joints shown in Figurea 7.1.3-2d an!. 7.1.3-2e are scaled dup-

licates of prototype joints with t.,e exception that the number of fasteners used

in the model iB less than th-e number required onthe prototype. The fasteners

howlver, 9re sized so that the total fastener area was a saaled quantity. The

appl~ication of replica scaling to the joint of 7.1.3-2d was judged to be the

most expedient approach since oonsiderable engineering time would have beasn re-

quired to properly design a more easily maiulfactured oonnieotlion with comparble

_j dynamic properties. 5urth-ir, the scaling laws applicable to a joint of this tyjm

Sare not sufficientl.y delfined to permit evaluation of any alternate design,, parti-
ccl

culany the effect of the pinned-truss ring f'ramne braces.
Z
S7.1.3-3 The remaining structural Joints of Figur.e3 7.1.3-2h through 7.1.3A-21.

are essentially scaled i~u:ýlicate.3 of the :.ulJ.-scale structure except for deviations;
I-

Sin ing~-frame and. bulkhead construction -dictated "a y fabri~cation tire and cost

A considerations. The altaruiative design ajpproach permitted the use off manufacturing

procedures which produced. geometrically similar str~ictuital components with fewer

and less intricate maohine Procesaes. The resultant structures have the ssane

structural dynamic propertie3 as the :iiore complex exact minit.Anizations of the

full scale structure.

7.2 Fabrication Problems

7.2.1 Other fabrica~tion problenis, not classified. as design deviations, include

machining processes, metal forming procediures, maclhine *Ad chemical milling

tolerances, fastening mneth1ods, and welding techniques.- Not only can the solution

off these probleft dictate the degree to which a given launch vehicle can be repro-

(7 cduced. to a specified. :educed scale, but they also can be signif-1cant factors in

SHEET
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7.2.1 (Continued)

establishing the economic feasibility of a cquiring a dynamic model such as the:

1/10 scale Apollo/Saturn V. If the resulting fabrication limitations are practi-

cal, it may be possible to duplicate the full-scale structure at a predetevrm1w4

reduced size at less cost than would be needed to simulate the structtre by em-

ploying corresponding expensive engineering time.

A factor found to be beneficial for fabricating the model joints included

"methods employed to make the required assembly attachments. The full-scale

joints were fabricated with appropriate veldments, bolts, nuts and rivets*

-Obviously the componerns o±' the smaller 'odel must be assembled by other methods

Z because of the impracticability of the reduced scale attachment hardvare." There
0
-j

must be a compromise both in type and the number of simulated fasteners. Also,

it Is generally accepted that whenever an effort is made to approximate the

structural dynamic properties of a complex structure, the detail design of the

ecioltd-j " joints and attachment hardware should be conservative with a resulting excess-

= ively stiff component since any effort to scale directly the size and number of

bolts and rivets would be impractical both from a manufacturing and assembly

vievpoint.

"In addition, although it is true that these can be some conservative dis-

tortion of the joint stiffness properties, there can be little hope of achieving

any degree of success in reproducing desired damping characteristics when rivets

and bolts are replaced by spot welds. Generally, bolted joints can be repre-

sented by using convienient, commercially available fasteners, such as 0-80

screws, a lesser number of fasteners being used, the number of which is determined

from the correctly scaled fastener area. This design approximates the proper

stiffness and damping.

(
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7,3,a� ~ lReplie soalinS of the main load carrying structural joints, vthich

toiether vwith other structural components, noessitated an extension or the

state-o•-the-art in fabrioction techniques, va employed and resulted in a model

vhiab dopltoatte the full-scale structure to a high degree. Extrome full scale

design dottailn, such as joint reproduction, were duplicated in the fabrication

of the 1/10 scale model,

A car'ef'ul analysis of' tbe prototype structural details van required

to ascertain the practical and economic feasibility of duplicating component

hardware to the chosen scale factor. Where model joint design dictated sizes

too small to be duplicated, an acceptable design required that only the correct

mass and sttfruesa diitributions be retained In the model. Some joints could

not be adequately dei'ned by the most rigorous present-day dimensional analysis
1

and therefore were built as scaled duplicate. ot the full scale members. If

the joints were of secondary importance from a dynamic viewpoint, they were a

scaled replica because they required less expenditure or effort with duplicate

fabrication than with dynamic simulation. All substitutions were carefully

considered, however, lest their inclusion degrade the usefulness of the total

structure through either introduction of misleading response data or the

suppression of critical responses.

W'ith proper care in the selection of the scale factor and methods of

manufacture and with judicious evaluation of deviations from direct scaled dup-

lication, the replica models are considered technically and economically feasible

for studies of the structural d.ynamic characteristics of large complex vehicles.

An in-depth description of the project is available in Reference j,

from vhich the informatlon presented herein vas 1lý.rId.i.
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•: 8.0 DOQtWi OflION PORIR rM WORK

Originally planMed &B a o0e year effort, the joint study was red~ee by

six months due to bedgetery and manpower req%4irements. While It to reeopise4

that a great deal more inforwation night be tnoluded in this document, it ti felt

that it Ito present form it provides a useful tool to the designer faeed with the

problem of missile or space vehicle joint desian.

Shoald a decision be forecoming to continue the effort, the immedlate

direction token will be to investigate raceway and other non-structural joint@.

Follow-on effort will be a report on the latest state-of-the-art In joint design

concepts, missile carrier interface joints, joint fautener hardware, plumblAg and

= electrical joint interfaces and recent advances In materials and process techwoloLg

.•- as applied to missile joints.
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